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- EXON COMPANY. U.S.A. 
POST OFFICE BOX 2180 HOUSTON, TEXAS 77001 

S A L V A T O R E  J. C A S A M A S S I M A  

A T T O R N E Y  
\ November 1 3 ,  1980 

E n v i r o n m e n t a l  P r o t e c t i o n  Agency 
EPA Reg ion  I1 
I n f o r m a t i o n  S e r v i c e  C e n t e r  
26 F e d e r a l  P l p z a  
N e w  York,  N e w  York 10007 V 5 T 3 ~ 0 0  I I 

Gent lemen:  

The e n c l o s e d  permit a p p l i c a t i o n  i s  s u b m i t t e d  by Exxon 
Company, U.S.A. ( a  d i v i s i o n  of  Exxon C o r p o r a t i o n )  o n  b e h a l f  
o f  t h e  Exxon Bayonne P l a n t  l o c a t e d  w i t h i n  EPA Region 11. 
T h i s  a p p l i c a t i o n  is b e i n g  s u b m i t t e d  i n  a c c o r d a n c e  , 

w i t h  t h e  r e q u i r e m e n t s  of  t h e  R e s o u r c e  C o n s e r v a t i o n  and 
Recovery  A c t  ( 4 2  U.S.C. 6901)  and  a p p l i c a b l e  h a z a r d o u s  waste 
and c o n s o l i d a t e d  p e r m i t  r e g u l a t i o n s  p u b l i s h e d  F e b r u a r y  26 
and May 1 9 ,  1980  by EPA. 

P l e a s e  n o t e  t h a t  t h e  e n c l o s e d  p e r m i t  a p p l i c a t i o n  c o n t a i n i n g  
I 

Forms 1 and 3 h a s  b e e n  c e r t i f i e d  by Mr. R. W.  Haddock, Vice 
P r e s i d e n t  of  R e f i n i n g  f o r  Exxon Company, U.S.A. Mr. Haddock 
h a s  p e r s o n a l l y  examined and f a m i l i a r i z e d  h i m s e l f  w i t h  t h i s  
a p p l i c a t i o n  a n d ,  i n  my p r e s e n c e ,  made a d i r e c t  i n q u i r y  of  t h e  
p e r s o n s  i m m e d i a t e l y  r e s p o n s i b l e  f o r  o b t a i n i n g  t h e  i n f o r m a t i o n  
c o n t a i n e d  t h e r e i n  i n  r e g a r d  t o  i t s  t r u t h f u l n e s s ,  a c c u r a c y  and 
c o m p l e t e n e s s .  

The d e v e l o p m e n t  o f  t h e  i n f o r m a t i o n  c o n t a i n e d  i n  t h i s  p e r m i t  
a p p l i c a t i o n  s u b m i t t e d  by Exxon Company, U.S.A. i s  t h e  r e s u l t  
o f  t h e  c o o p e r a t i v e  e f f o r t  of  many i n d i v i d u a l s .  M e e t i n g s  a n d  
workshops  were h e l d  t o  r e v i e w  and  a n a l y z e  t h e  S u b t i t l e  C 
r e g u l a t i o n s ,  t o  i d e n t i f y  h a z a r d o u s  wastes g e n e r a t e d  by t h e  
Bayonne P l a n t ,  and  t o  d e t e r m i n e  which o n - s i t e  o p e r a t i o n s  
t r e a t e d ,  s t o r e d ,  o r  d i s p o s e d  o f  h a z a r d o u s  w a s t e s .  A compre- 
h e n s i v e ,  good f a i t h  e f f o r t  was made by Exxon Company, U.S.A. 
t o  a s s u r e  t h e  p r e p a r a t i o n  o f  a  t r u t h f u l ,  a c c u r a t e  and c o m p l e t e  
p e r m i t  a p p l i c a t i o n .  However, EPA h a s  acknowledged t h a t  t h e  
h a z a r d o u s  waste r e g u l a t i o n s  p u b l i s h e d  o n  F e b r u a r y  26 and  
May 1 9 ,  1 9 8 0  h a v e  r a i s e d  numerous q u e s t i o n s  by ' t h e  r e g u l a t e d  
community. I n  a  n o t i c e  p u b l i s h e d  Augus t  1 9 ,  1 9 8 0  ( 4 5  Fed. 
Reg.55386) ,  EPA e x p r e s s e d  i ts  i n t e n t i o n  t o  c o r r e c t  o r  c l a r i f y  
t h e  h a z a r d o u s  w a s t e  r e g u l a t i o n s  by means o f  t e c h n i c a l  amendments, 
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w i t h  e x p l a n a t i o n ,  o r  by R e g u l a t o r y  I n t e r p r e t a t i o n  Memoranda 
( R I M s ) .  I s s u a n c e  o f  t h e  t e c h n i c a l  amendments o r  RIMS was 
promised f o r  A u g u s t ,  S e p t e m b e r ,  and O c t o b e r ,  1980 .  A 1  though 
s e v e r a l  t e c h n i c a l  amendments, ( f i n a l ,  i n t e r i m ,  and p r o p o s e d )  
were i s s u e d  on O c t o b e r  30,  1980 ,  t h e r e  remained many u n r e s o l v e d  
q u e s t i o n s .  Shou ld  a d d i t i o n a l  amendments o r  R I M s  b e  i s s u e d  
a f t e r  November 7 ,  1 9 8 0 ,  t h e y  w i l l  b e  t o o  l a t e  t o  a l l o w  
r e v i s i o n s  t o  t h e  a b o v e - r e f e r e n c e d  p e r m i t  a p p l i c a t i o n  which 
needed t o  b e  f i n a l i z e d  a t  o u r  Company h e a d q u a r t e r s  by t h a t  
d a t e .  

EPA h a s  r e c o g n i z e d  t h a t  t h e  a n s w e r s  t o  c e r t a i n  q u e s t i o n s  i n  
t h e  p e r m i t  a p p l i c a t i o n  w i l l  r emain  u n c e r t a i n  u n t i l  r e s o l v e d  
by t h e  e x p l a n a t i o n s  c o n t a i n e d  i n  t h e  t e c h n i c a l  amendments o r  
RIMs. It is  t h e r e f o r e  r e q u e s t e d  t h a t  EPA a l l o w  RCRA p e r m i t  
a p p l i c a t i o n s  t o  b e  r e v i s e d ,  w i t h o u t  p r e j u d i c e ,  f o l l o w i n g  
November 1 9 ,  1 9 8 0 ,  p r o v i d e d  s u c h  r e v i s i o n s  a r e  n e c e s s i t a t e d  
by t h o s e  t e c h n i c a l  amendments o r  RIMs which i s s u e  s u b s e q u e n t  
t o  t h e  f i n a l  p r e p a r a t i o n  and /o r  f i l i n g  of a  p e r m i t  a p p l i c a t i o n .  
F a i l u r e  t o  a l l o w  s u c h  r e v i s i o n s  would r a i s e  s e r i o u s  q u e s t i o n s  
r e g a r d i n g  d u e  p r o c e s s  a n d  c o u l d  j e o p a r d i z e  i n t e r i m  s t a t u s  f o r  
many f a c i l i t i e s .  EPA's c o o p e r a t i o n  i n  t h i s  m a t t e r  i s  s i n c e r e l y  
r e q u e s t e d .  

Very t r u l y  y o u r s ,  

SJC:jvk 
E n c l o s u r e  



Small quantities of laboratory wastes listed under Section 261.33 (e) and 

(f)  a r e  periodically and sporadically generated and a r e  disposed of 

through the  sewer system and enter t he  API Separator where they a r e  

treated. Examples of wastes which may appear are: 

U-012 Aniline 

U-037 Chlorobenzene 

U-044 Chloroform 

U-070 1,2 - Dichlorobenzene 

U-080 Dichloromethane 

U- 154 Methyl Alcohol 

U-220 Toluene 

U-227 '1,1,2 Trichloroethane 

U-239 Xylene 
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. EXON COMPANY. U.S.A. 
1 AVENUE J BAYONNE, NEW JERSEY 070.02'-5077 

Certified Mail - RR 
MARKETING DEPARTMENT 
LUBRICANTS AND PETROLEUM SPECIALTIES 
BAYONNE LUBRICANTS PLANT P 045 013- 177 
C.P. KRAMER 
MANAGER .April 2, 1993 

, . 
Mr. Norman Rost ". - . S\. 
Program Management Coordinator 
USEPA - REGION I1 +. T, ,., =.: %\ 
Air & Waste Management Division 
26 Federal Plaza, Room 1006 j ,  - ;-.% 3 

J Z $  , 
New York, New York 10278 

Re: Subsequent Notification of Regulated Waste Activity 
EPA ID Number NJT350011144 
Exxonts Bayonne Lubricants Plant 

Dear Mr. Rost: 

On February 3, 1993, Exxon Corporation ( " E ~ x o n ~ ~ )  entered into 
a contract to see its Bayonne Fuels Terminal to International 
MATEX Tank Terminals (llIMTT-BX1l). Closing occurred on April 1. 
1993. Exxon will retain ownership of its Lubricants Plant at the 
site. This letter informs you of changes which are going to take 
place at our facility (EPA ID Number NJT350011144), as a result of 
the sale of the Fuels Terminal and chemical Plant portion of our 
Bayonne operation to International MATEX Tank Terminals (IMTT). 
Exxon will continue to utilize its existing EPA ID Number for the 
Lubricants operation, as well as for any site remediation 
activities which might be occasioned by the Administrative Consent 
Order which Exxon and the New Jersey Department of Environmental 
Protection and Energy ("NJDEPEN) executed on November 27, 1991. 

In addition, our street address has changed from 11250 East 
22nd Street to "1 Avenue J.I1 It is our understanding that IMTT 
will be making a separate application for a new EPA ID Number 
under the old street address. 

Please find attached our subsequent Notification of Regulated 
Waste Activity. Should you have any questions regarding this 
matter, please contact Mr. Peter DeAngelo at (201) 858-6893. 

Sincerely, 

PAD : dal 
4-2EPA.L 
Attachment 
cc: T. Sherman NJDEPE - w/att 

Carlos Rodriguez, Hudson Regional Health  omm mission - w/att 
Robert Weaver, IMTT - w/o att 
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a r a i f e s t  c s z  a v a i l k l e  for 2x5 I-,zzardcus vzste sLiiFegt - 
t",t has rzde? 
- - .- 

b, --f,F " n m r  "Zen'  t :.i'l~\.~," g l e ~ s s  e lhrzt? , .  



YES' NO: .ax - -. .- 

- - -. 

c- Ooes e 3 ~ b  manifest (or a regresentative sample) have- 
the following information? 

'--. a manifest doaxrent n m h e r  

- the. generator's nex-, mailing address,. 
telephone: number, and EPA identification 
mmker 

- - - - the and. EPA identification number of each 

- -- - the nzre,. address ard EPA identificztion number 
of- the desiqnated f ac i l i t y  znd an alternate facis-Lty, 
if any: -xS O k l y  bhLSL3.TY LSGD 

- a description of &e wastes (mT) 

. - the total quantity. of each hazarjous waste by- urng. 
. o f  we~qht  o r  volume, a d  the. tyFe and n&r of ca-- 

., W e r s  -as l&ed:- into o r  onto the t r a n s p e t  ve l~ic le  - - 

- a; - i f i a t i o n  t h a t  the m t e r i a k  a? ~ r q e r l y  
classif id, descrbed ,$ packaged ,. marked, and lak3ed,  

a re  in p m p r  condition f o r  t r a ~ s p r t a t i o n  &er 
r q d a t i o n s  of the D q a m e n t  of  T r w s ~ r t = t i o n  md 
the EPA 

( 5 )  Kere there any hazardous :lastz.s stored cn site a t  ';k,e t k  
of t h e  inspd,ion? 

3- If "yes," do t?ey a ~ c e 3 r  - - 2 r q e r l y  pckaqed (if in cm- 
take=) or ,  i f .  in Snks,  ' are. the bnks s e a r e ?  

b.. If not s r c ~ r l y  pdqagccf or  i n  ssc i re  tanks, olezss 
exph~n.-  

d,  Co any ccnraicers z ? a r  to 'ce lozkixo? 

e.. ~f ".*pc -, " 33srcxi~zt91y h ~ d  z&?Y? 



* ( 6) !;as the qenerztor s u h i t t e d '  a annual repr t  to EPA covering 
- 

the previous calendar y e a ?  - - J - 
a, Hcw do you: kncw? 

. . .  . . .  
. . .  . . . . .  . .: . . 

. . .  . . 
. . . . . . . . . . . . .  . . . . . .  . . . . .  . . 

-, . -. . . -. 
---- - - , : , . ;, ;;: :2-. .- :  : .;.. ." 

. . .  . . 
. _ -  -. _-. . . 

. . : .  , . _ .  . _ I .  
, . . 

. ... . . . . . . . .  (7)  Iias the: generator received: signed? q i e s  ( frm t& TSD . .- 
-,? > .-:.: 

. . .  . . . . . . .  . . 
.. 1. .:-:.;. _ . :  _-.C_-.._L. --. 

facUQ,) of a U  manifests for.  wastes. shipped- off.site . . , . .. -- ... ... :- 

nore than 35: days ago2 
- ,  . . . . . . .  I. ' - 

. . . . .  . . .  . . - . .-:.. :-. . , - : . ... .. . -, =:=.,. <--- :-.. :.:.-“ . . . .  ........... a, IE "napP have: ~ x c e s t i o n  R e p r t s ;  teen: suhnittaLta EA. . . . . . . . . . .  .--. . . !' :..'-. . :-. y .  ;.. ,-: ... I:~:-:-,. <. -- .- :.:. :...;.:..: .- -, . . 
. .  . .... . - . '  

........ . . . . .  co%ring: tiese shipments?: - .  
... 

- > _  - 
. . .  . . ..: -. 

. . - . ' .  -. . . . . .  . .- . . . . .  . . . .  . . .  ... ..: . .  . . . .  , - . . , ,.., --. -..:. 
..- . ... ...... - . . . - . =  ,.-.<-.--;. :.. :.:: : .... -,. 

. . . .  .-. ., - . . .  .. . . . % _ - .-. 
- .  . . ... - - - ..-.--. - -_- .  .-.- _:.. ___. 

. . . .  . . : . . . . . :  - .  . . 
- 

_. : :. '., -. . . . . .  . - . . . .  .i . ' - ::::- . - . : (8 General. merits.. 4uGSrl~;, , iPPL&- ' -- +NDEa ----- - . ;ZEc++-c,O~ .. .,-. ... . .  .::- ' I : .  .... - - .  
%0-rk2.3q EsE P A W L ,  3 c~ T ~ , D & ~ ( ~ < ~ ~ & ~ . . - .  ,: :. ....... . -  . .:: . .  . . . . .  

- - 
. r......' ::... . . . . . . . .  - THE CRiASUEU CAN s P N ~ . - -  : @-&ATO=~, . LM3= . . . . .  ... . . . . .  . . . . . . . . . .  .: . _. _ . . . 

I . : . . . . . . .  .. .... . . . . . . . . .  - . . . .  :-.:-.- - '.... ........... . . . . .  . . . . . . . . . . .  . . - - .  . ::. . . . .  . 
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SI'E SECURITY (5265.141 

a. Is there a 24-ixur surveillance systan? - - -  
a. Is there a suitable aarrler  +hrcfi crnpletely 

~ r r c u n d s  the actlve p r t l o n  of the fac i l i ty?  

c. Are there 'Danger-Unautbrlzed Perscnnel Keep - Cut' s lgm p t e d  a t  eaql  entrance co the - 
raclLrty? - - -  

(61 Are there rgnztahle, reactive o r  - ta le  
wastes m s l t e?  (5265.27) - - -  
a. If m', what are the a o x t x l w t e  guantltles? 

a. It "m', have precautions been taren t o  p m t  
accldentlal rqnltlon o r  reactlon of ~gnztaBle 
or  reactlve waste? - - - 

d. In y qur l cn ,  are p-r precautlom taken sa 
that these vasres do no= 

- generate  extra^ neat o r  pressure. tzre 
or  equcslon, or vrolent reacrmn? - -- 

. - prod- unmtmLLed ! a x ~ ~  nus=, tunes, 
uusft. or we4 in  suff icent  quan t i t i e s  
to threaten h- health? - - -  

- mute unmnupllea E l ~ l e  E u i i  or 
asses m sutf lclent  quanutles to q ' e  a 
NIC of Eire o r  expl~slons? - --  

- darraqe Lye s tu~ural  mteqrlty of the 
deVlQ? o r  t a c l u t y  cPntamnq the s a t e ?  - - - 

- vveaten numn health or the emmxment? - - - 

Please e e l a m  vcur ansaers. ard ccmnent if necessarv. 

e. Are tfiere any aidi t ion& ?recautions b h l d  yar 
mid reaxrend cn w e  nazamcxls waste ' 
flarnlmq F k u r e s  a t  &e f a c l l i r ~ ?  



- a teleptnne o r  other device to nmnon srrergency 
asslswce t r a m  local authorities? 

- adequate a ~ s i e  space? L -- 
. - in ymr minion, do the qpes of wastes on s l t e  - require of the stave pcocedures. o r  a re  sne - - - 

W not needed? Explarn. 

In ycur qmi.a-t, & the types of wastes on s l t e  mire aL1 of the 
pcocedures, or  are sum not needed? Explam. 

'(8) Have y a ~  uqected to ver l fy  tha t  tne grcuxkater  - - - -  
m i m n n g  veLLs (if any) mntzmed in the facility's . 
?rwn&datcr Ironltorlrq plan (see m. 19 b e l w )  are 
proFerly imtalled? 

~f ycu haw, please cnment. as dEmFriate- 

(9) at I s  there &-iy reason to helieve uldr gravldvater 
m a m m a t u n  alreaiy 'exxsts trcm t'lu Eacllity? - -- - -- 
If "YES' , explam. 

b. Co y believe chat v r a t l o n  of C91.s t a c l l l t y  
may affecr q m m m a t e r  quality? - --  

c. If "YES", expldl.?. 

(10) iias the taclLiq- recervea haramcus uasizo f m ,  
an off-site vurce s m  !W. 19, 1980 (efteccrve 
cate ot the reclulaizlons j?  - - -  

c. cces e a n  r a ~ l e s i z  ( o r  a r t?rscn-arlve s e l e l  
have the follculn= 12foraclon? 



- the generaax's nxe ,  m i l i n g  address. tdephcne - - - 
nunoer, ard EPA Iden t i f i c adm n-r 

- the nane, ard EPA identification &r of eaeh 
tr-rcer -- - 

- the n m ,  address ard EPA  denti if i a t i o n  nrmDer 

of the designated f a c l l i t y  ard an 
dlternate h c l l i t y ,  i2 any; -- - 

- a descrlpeion of the vas- --  - 
- the total quantity of each h a r a r d a S  waste ty 

units of weight or w h ,  ard the ard 
mker of containers as loaded into or cnto 
the transmrt vehicle -- - 

- a c e r c r f i c a t h  tha t  the inaterids are 
prcperly c-lf ied. described, pacbqed. 
mrked,  ard lateled. rUd are in p r q e r  
comiztlpn for  tramporcatlon under -a- 
tlons of the m n t  of Tran+ortaclccl -- - 
,483 the CPA 

d. Are there any indications that  d f  ested 
' hazardous vastes have teen mid since --  - 

Wenker 19. 19807 If YES, exphm. 

IXes the Eacllity have a written wasre analysis 
plan - fy i rq  test 'mtkds. szmplirq me* 
ard q L i n q  f r ~ q ~ q c y ?  (5265 .U) 

a. Cozs the character of was- hardled a t  the 
faczLity clange Ercm day w day, week to week, 
etc., thus reqruruq frequent ' t e s tuq?  
(You may Check SDR than me) 
Waste c n a r a c t e r t s u a  vary - 
A l l  wastes are basically the sarre - 
Canparry u e a c s  d l  waste as h a z a h s  - 
Cnn't Knov - 

b. W hazardcus waste cue>-  t h h  Eac i l i q  
E r u n  aff-si-,o sources? 

c. If w a s t =  c m s  fmn an off-si te  source, are 
there w u r e s  i n  the plan to rmure that 
uasces. m l v e d  d o h  t o  the a c w i n g  
manif esc? 

2. a s  ',ln sc.-.euLe Ldanri?? the w s  of 
?331=2 := 2e loo& :=r ~ r i &  frwue?cy 
icrr mnspeczlo~? 

c. Cces the uae r /= rawr  r e a m  i m p c l o n s  
i n  a lcq? 

d. Is t t e z  ovldence thar wiers re?=& 
rn the mrs;xcclon lcq have ooc &en m i d ?  
It "YES,' ?lease ex-plam. 



r n ' T  
5 YES ta IQXW - - -  

(13) P- TRATNIX (S265-16) 

a. Is tkre vrlcten Qcrmentatlm of the foming: 

- p b  t i t l e  tor e a e  psitien at t!v= E d i t y  
related to hazardars vaste nvanaqgnent a d  
n a n e ~ t h e m p l o y e e t ~ l i r q e a * ~ )  f --  

- type ard a r m . ~ ~ ~  of tram- to be given to 
persamel in ~ h s  related to h m  vaste 
rnrqanent? - 

-c 1- - actual traimq or exprlence received by 
perscrunl? - L -  

(14) Dxs the f a c i l i t y  have a mCten aaxiwmcy plan 
for emzrgerry procedures desqned to deal vrth 
f i r e s .  expl~srar or any release a J - - 
hazardcus uaste? 
(5265.51) 

a. Crxs the p h n  dexrzbe arrangenents made vith 
1- auttmritaes? L --  

b. Ras the c o n q e n c y  plan teen s-tted 
9 tn local autkariuest 4 -- 

Hcudoyeukwlr? 

cat4pLd-i s&=o sa 

c. the plan list m s .  ~~. a d  
phone -* mqency c e r n r s 3  - - 

d. 03e9 the p h n  haw! a llsr of --ar ererqency 
q u a p e n t  is available? / --  - .. . 

e. Is a plwislon for evacuatlrq fac i lx ty  
persaud? J -- - 

5. an Emrgency C m r d i ~ m r  yesent or ar 
call at the ulle of the impction? L - ,  

(15) Ocns the c m e r / v r a m r  keep a w r l t t w  - r a w  
recard vitn: (5265.73) 

- a de+cnption of cases received vith mthaLs 
arzj dates sf u e a a n t ,  smraqe or dirposal? --  - 

- lcca&& ard quant~ty'of each was-? -- - 
- detailed records ad results of wasre anaLyszs ard 

t r e a c a ~ i l i r y  tesrs ~rformed on Lasres cmurq mto the 
-- - 

- derailed -rat-:; s ~ ~ a e  r e q m  and 6 e s c r l ~ c l o n  
of a l l  e q e n c (  mclienu thac -& the ~ G l e z n r a -  
zlon a- :?z facxlity ancmyency h n ?  - -  - 

'(15 1 Xes tne Zacrllq cave vricten closure and 
Wi-Ci(35~~ ?a? (5265.110 I --  - 
a. Eses the vrxrten closure plan mclude: 

- a 6esc:~rlcn of and Men the faclLiry 
all te partially L!f applicable) ard 
ultmately clcsed? --  - 

* EEfectlve dace for t h ~ s  rm-ulrerenc LS Xay 19, 1981. 



i 
- an estinnte of the nnxumrm invenrory of 

vastes in storage o r  u e a m n t  a t  any . 
t l ~  dud- Vie l l f e  of the facility? --  - 

- a description of the s teps necessary to 
&umtaminate f a c i l i t y  equ~pnent during 
closure? -- - 

- a schedule for  f i n a l  closure inc ludiq  
the anticipated date when vastes v i l l  
no lonqer be received and *en f i n a l  
dosure v i l l  be v l e t e d ?  

b. what is the anticipated date for f i n a l  
closure? 

I tc. m the o w e r l q e r a t o r  have a Mi t ten  
pst-closure plan rdentifyirq the ac t iv i t les  

I *rd-i v r l l  be carried cn af te r  dasure ad 
the frequency of these act ivi t les? -- - 

2 d. tries the w i t t e n  wt-clasw plan include: 

- a desc ip t i on  of planned w a t e r  
m n i m n n g  ac t i v i t i e s  and their  frequencies 
d u r i q  p t & u r e ?  -- - 

- a descripticn of planned ~mintenance activities 
ad frequencies m emure vltegrlty of final 
aMr duruq p s t r d c s u r e ? ,  -- - 

3 - the -. add- a-d n d r  of a 
prsr! or off ice  to &tact d u r ~ q  

I pt-dmlre? -- - 
* (17) !Xes the cwner /wra tor  have a v c l t t m  estlmate 

of the cost of &suq the t ac l l i ty?  (5265.142) 
What ES i t ?  

a '(Dl kes the cuner/cperator have a written 
e s t w t e  of the &t fo r  g t -c las=e  
mnitorinq ani wintenance? --  - 
Wnat is i t ?  (5265.144) .- 

Has a grownvater m i m r i n q  pLan been sutxnatted 
to the Reqlmal ;rdrmnlsuator tor  f a c l l l u e s  o7n- 
t a r n l q  a surface npzmdment, Landfill or land 
u e a m t  process? (mls requrrerPnt does not 
m l y  tD recychnq f a u l i g e s .  ) ( 5265.90) 

- .  

a. Xs the rlan i rd ica te  that  a t  least  cne mru to r im  
ve i l  has inscalled hydraulically u ~ a a i e n r .  h m  
the l i x a t  of the waste mzrqewnt area? - -  - 

s. Lke ;A? ~ n d l u t c  >a: t ! e e  are  a= 1szs.t t?Ee 
.Ipr.;-arl.T veils L-s-a11=5 c~",rauiicall.~ d a q r & i - t  
a t  ths 12-zr- 3f tnr ;rastr :z?aqz--n= arer? 

- Tl-ils sectlon anplles only to dl-al Eacllztles. 

rffec-ive date for t 3 l s  requirerent E :.lay 19, 1981. 
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, SITE-SPECIFIC, 

Please circle a l l  apprqr ia te  act iv i t ies  a d  answer questions 
on indicatd  pages for al l  ac t iv i t i e s  circled. hhen yar suhnit yeur report, 
inciude only tbose s i t e - spc i f i c  pages that you have used. 

!- - 
* f ,  -. . Waste Pile p. 9 Tank p. 8 Iclrdf ill pp. 10-U 

Surface nnpmdmnt p. a S u r f a c e  I m p m b e n t  pp. 8-9 Land Trea-t 
. . a .  pp. 9, 10 . . 

Incineration pp. 12-I3 S u r f a c e  I m g u d -  
~t p. a 

! Tank, abve grcur!d p. 8 TbesrrnL Treatmat pp. 12-U 
! Other 

i Tank, below gmund p. 8 Land Treatrrrent pp. 9-10 

Other .QlenicaL, Physical p. U 
and Biological 
m a a n s t  (other than 
in tanks, surface - 
m n t  o r  Lard treatment m ' T  
f a c i l i t i e s )  - - -  ' L E S M K N a J  

O t h e r  

1. Are there a q  leaking containers? 
Lt "YESmr explain. 

Are there arry cnntainels which w a r  in danger 
of leaking? -- - 
If "YESar explain. 

133 wastes w a r  mnpatible with a~ntainer  
inaterials? -- - 
Are a l l  wntamezs d c s e d  except those in use? - - - - .  
m containers w a r  to be apnec~, hardled 
o r  stored in a manner -hi& may mpture the 
containers or'cause then to leak? --  - 
HCW otten 6ces the plant manager clam to 1- 
onta iner  storage areas? 

Dxs it =-a: <?at in-atible v a s t s  are tekq 
stored in- ciose -;roximity to one anouler? - -  - 
If "YES", e ~ l z i n .  

.- 
-. 

- 

8. Are an td iners  b l d i m  iqnitable o r  reactive , 
wastes locacej. ar: l e s t  15 irecers (SO feet) fmn. 
the fac i l i ty ' s  gircperry llne? I-- - 

9. L3at is the m x u r a E e  n m r  and srze of 
contamers w l t h  hazardcxls wastes? * 

I 



there any leaking tanks? 
It 'YES* r explain- 

2.   re there any 
1ea)ung. - .  

4. m uncwvercd tanks have a t  least 2 feet 
of fre&oard or an adequate m n t a m t '  

5 .  Where hazard- wasze is ant-ly 
fed into a tank. is the unk & 
a means," SfDe this  ma? - - -  

6. it -ar that incmptible waste~ 
smRd in eLcse proximity " 

another. or in &e same tank? - - -  
~f "YES"~ explain- 1 

7. RW o f t 4  dDEs tkX ?"+ q ! = r  .dairn " 
mntainer s m g  areas? 

8. ignitable or masrive ~a.SfeS s m d  in 
a manner d i m  pmfect~ them bcm a 
of ignition or reaction? - - -  
~f 'YES*, explain- 

9. h%at i. the - a t e  e r  & s== of 
h a d "  wastes? - .  . . 

S ~ = A E  r e  (5265.220) 

1. IS &ere a t  least 2 f e ~  of f"emard 
yl me i r p u n & ~ n t ?  - - -  

. - 2. e z p - ? ~ ~  ajkes have z ? ' r ~ r e ~ i v e  
-er w ?r%sec~e i'..ir srrlc-zr& incqrici? - - - 4 I se=l% * of cov.rLnq. 



r n ' T  
YES M - - m - 

4. Are ignitable o r  reactive wastes k ing  p L a d  
in surface hcamdmnts withcut kina treated 
to -ve th&e characteristics? 
If "YESl explain. 

5. Are there ary leaks, failures o r  is there 
any deteriorization in the -ts? 
If "YES"l explain. 

6.  Give-the approximate size of sudace 
bpxMments (gall- or clbic feet) . 

1. Is the waste p i l e  protected kna w i n d  
emsion? - 
a. E c e s  it apFear to need s u d ~  protection? - 
b. -lain what type of protection exists. 

2. Cces it q a r  that  incanpatible wastes are 
king stored in the sane uaste pile? - 
If 'YES", explain. 

3. Is leachate run-off £run a pile a-hazardous 
uaste? - 
If "YES", explain this detexmination a d  
amer ( a )  and (b) belad. .. - 

a. Is the pi le  placed on an impermeable 
base that  is angat ible  with the waste? - 

b. Is the pi le  protected f r ~ n  precipitation 
and ma7 - 

4. In your j u d v t ,  are ignitable or reactive 
-*Rstes m a q e d  i! s u d  a way that they are 
protected fm any material o r  corditions 
&ich may cause t$ie?n to iy i te? . .  - 
please explain or irdicate if no s u d  w a s r e s  
are p e n t .  

,ue they placed on an exist- pile so that 
they no lon9er xe t  the definition of iq i t2Sle  
or rea=ive G Z S ~ ?  , - 
Please explain. 

5 .  Zcw y a y   was;^ ?iles are on s l = ~ ,  ~ r i  5;;rzxi- 
mrely  ncw krze  are they? 

1. Can the fac i l i ty  qera to r  demrstrate that 
the hazardous waste has been rade less or 
non-hqzardcus by biolcqical. deqradation or  
ciemical reactions occ~rrirq in or on the 
soil? 
-1 _ _  - -._ J -  

- 



' 2 ,  Is run- divert- .away fron the active 
-ions of the land treaanent facility? - - 

' 3 .  Is d f  collected? - - 
4.  Are  f c d c S a i n c r q x t e ~ g r c v n a n t h e  

fac i l i ty  prop-? - - 
a, If "YES", can the faci l i ty  operator 

&amsnt that arsenic, l e d  ard mrcury: 

- wi l lmt te t r ans fe r red to thec rcp  
o r  ingested by foad chain aninnLs ar - 

1 
I --,will not octur in greater m c e n t r a -  

tions in the crcps grcrwn an the land 
4 treatmnt faci l i ty  than in the same 

1 a c p s  grown an untreated soils. - 
b. Has notification of the g m i q  of the 

fad chain a c p s  bxn made to the 
Regional Adain+trator? - 

5. Is there a written and irmplerented plk 
for unraturated zone mnitorirq? - 

6. Are there records of me mlica t ion  dates, 
application rates, quantities and lccation 
of ea& hazardcus waste placed in the facility?- 

I 7. Co the closure and pst-clcsure plans address: 
I 

a. mntrol of migration of h- wastes 
into the grmdwater? - - -  

a b. control uf run-cdf, release of airtorne 
* partiai late contaninants? . 

- A -  

c, q l i a n c e  witb requirenents for the 
g r w t h  of fccd-=hain q s  (if they are 
present )? - - 

8. Is ignita&le or reactive waste irmrediately 
i n c a p r a t e d  into the soil so the r e s u l t u q  
waste no lomer mets that definition? - 
If "YES" explain. 

9. .4re in-tible w.zs tes  placei  !n the ,same 
F - land. t r e a a n t  area? - - 

If ~ " ,  explain. 

10. mat is the arer af the lam feceiviq 
h r z t r c m  xaste -,-ea=nt? - - 

72. -1s m f f  fm;;; aczive -=ions of the 
laodf ill osllecceci? 

* Effective date for these rquirerrents is Hay 19, 1981. 

7 nese r q u i r e i n t s  are effeczive  ?lov&r 19, 1981. 

I - -. 



m ' T  
YES E D X N C W  - - -  

3. Is waste is subject t o  w i d  d k p r s a l  
aa$zolled? 
Explain. 

'4. Goes the mer / ape ra to r  nvaintain a m p  with: 

- the exact location ard dirrer?sio& of 
each ceU 

- the contents of ea& cell and approximate 
1-tion of each hazardcus waste qp? 

-. 

I 5. m the closure and gxzst+lasure plans 

i address: 

- control of pollu&t migration via 
grolnd water? - -- 

- a m t m l  of &ace water infi l t rat ion? - -- 
- preventicm of erasion? - -- 

6. Is ignitable o r  reactive w a s t e  treated 
before being placed in the landfill7 
Explain hav you klxx. 

7. Are 'precautions taken to k u r e  tfiat inamgatible wastes 
are not  placed in the sarre landfill cell? - -- 
IfmN0", explain. 

8. ,Are tdk o r  non-amtainerit& "astes . . 
an- f r ee  liquids placed in 

. the -ill? 
I f  "YES", 

a. D x s  the landfill have a liner !hi& 
is &anically and physically resisAant 
to the sddeci Liquid? - -- 

b. Is M e  waste heaced and stabilized 
so that  .free liquids are no longer 
Tesent?  - .  .. - --  

9. Are a n t a m e r s  holiirq liquid - d a t e  or 
uaste containin? free liqu& placed in 
the l a rd f i l l ?  - --  

10. Are q t y  c o n ~ i n e r s  (e.:. those conum- 
irq l ess  than 1/2 ino. of l F ~ ~ i d )  placed 
1.7 L!!e lanci:iik? - - -  
If 3, are ','ley crcsne 2 r c ,  czz~cide5 or  
s ~ x l i r l y  r e x e  i,! v o i ~ f . ~  '-lore k e y  
&P - 2.-- --Led? - --  

L1. m a t  LS t'le a r ; s r o x i ~ t e  area of t+.e 
hazardcus waste Lnof i l l ?  , 

'' EffecTive date fo r  this r q u i m n t  is Nove?ljer 19, 1981. 



M%Ih!IDFS AND 
(5S265.340 ard 265.379 1 m4.T 

YESMKNC;W - - -  
" . I .  

1. Vhat typ  of incinerator or t h e d  trealxrenk is 
a t  the s i t e  (e.g. mtewall incinerator, toiler, 
fluidized bed, etc.)? 

2. Was haardcus waste beirq incinerated or 
thermally treated durmg ycur bspctian? 
If "YE'S", answer all follcwvlg quesuans. 
If -Pa, ansker onLy questions 3 ard 7. I 

3. Has waste analysis been performed (ard written rec~rds kept) to 

1 include: 

- heatirq value of the waste 

- halogen content 

- nr l fu r  content 
I 

I - amcentration of lead - -.- 

m: Waste analysis need not be ~erforrred on each waste load if 
if there are docl~rented data available to shov waste characteristics 
that do not v If there are such doernrented data available, 
*e& heR 1-. 

4. IXes it q a r  that the mer lopra tor  brings 
~ L S  thermal mopent  process to steady state . 
(no-) conditiors of qeraticn before 
mtroduciq hazardas wastes? --  

5. Did it d y  y i-on that there was adequate 
nnniixxing and mspctmn ty mer/qerator  every 15 m i n u t e s  
during hazardaxi waste incineraticn for: 

- waste feed 

. .. - auxiliary fuel . feed . . 

- a i r  f l w  

- incinerator te-rature 

- scrubber t locj  

- sb--rubir 3 

- relevant level cnntmls ' 

r-=-, -"a, - -. --- ..--r 3r: 

5. Is there o p n  burrzlng of hazaracus 
w a s t e ?  



a. If "YES', what is kirq burned? 
(only burning or detonation 
of explosives is prmitted) 

b. ~f cpen turning or detonation of explosives is takiq 
place, approximately h a t  is the distance frem the q e n  
turning or detonation tn the prcperty of others? 

DCN'T 
YES NO m - - -  

6. Eoes  the incinerator apEEar tn te -rating ' 

p q r l y ?  (m energency shu tdm a n t m l s  
and system alanm seem to te in w&q 
order? ) Please explain. 

a. Is there any evidence of fugitive emissions? 

7. Ls the residue fioll the incinerator treated 
by the owner as a hazardcxrs waste? 
Please explain. 

8. m a t  of a i r  ~ L l u t i o n  umtrol devices (if any) 
are installed on the incinerator? 

m C A L ,  PHYSICAL AND BIOLIX;ICAL (9265.400) 

1. lXes the trea-nt process systen shcw arry 
slgns of ruptures, leaks, or a m x i a n ?  
Please wlain. .. . 

I 
2. Is there a m e w  tm s t q  the inflcw of 

contimcusiy-f ed hazardas wastes? 

3. Is there igni"able or reactive waste fed 
into the treaeent systen? 

If mLES', has it ten treated or protected 
frm any inaterial or anditions which m y  
cause it tn i ~ i t e  or react? If so, 

I _ _  &lain hcv. - . 

Are the in-tihle wastes placed in 
the same t r e a x n t  w e s s ?  
If "YES", explain. 

5 ~ c r i k e  the zreamnt systef. st this facility. 



EXON COMPANY. U.S.A. 
POST OFFICE BOX 9000 BAYONNE. NEW JERSEY 07002-9000 

December 7, 1984 
REFINING DEPARTMENT 
BAYONNE PLANT Exxon Bayonne P lan t  

Foot o f  East 22 S t ree t  
Bayonne, New Jersey 
NJT350011144 

Mr .  Frank Cool ick,  Ch ie f  
Bureau o f  Hazardous Waste Engineering 
32 East Hanover S t ree t  
Trenton, New Jersey 08625 

Dear M r .  Coolick: 

T h i s  l e t t e r  i s  i n  response t o  your request f o r  a d d i ~ t i o n a l  in fo rmat ion  requ i red  
by the  Bureau t o  complete a review o f  t h e  Exxon Bayonne TSD S t a t u s  D e l i s t i n g  
Request. The f o l l o w i n g  i n f o r m a t i o n  i s  submitted i n  response t o  your spec i f i c  
quest ions i n  your l e t t e r  o f  November 20, 1984. The i n f o r m a t i o n  i s  numbered t o  
correspond' t o  your l e t t e r .  

(1 )  Tank S to rage  (502) and Treatment (T01) a re  concrete separators, f i v e  
s t e e l  storm water r e t e n t i o n  tanks, and one s t e e l  o i l  r e c o v e r y  t a n k  

- a s s o c i a t e d  w i t h  ou r  NJPDES f a c i l i t i e s  (NJ0002089). Attached i s  a 
schemat ic  o f  p l a n t  wa te r  f l o w  wh ich  was s u b m i t t e d  w i t h  ou r  most 
r e c e n t  NJPDES renewal app l i ca t ion .  Th is  schematic shows a l l  sources 
of waste generat ion on-s i te  which subsequently use t he  aforementioned 

, SO2 and T O 1  f a c i l i t i e s .  

(2) - E f f l u e n t  i s  discharged from these f a c i l i t i e s  through two permi t ted  
discharge p o i n t s  t o  Upper New York Bay and the  K i l l  Van K u l l .  

- O i l  skimmed f rom t h e  f a c i l i t i e s  i s  recyc led  and blended w i t h  f6  
Fue l  O i l  f o r  sale.  

- S ludge removed f rom t h e  f a c i l i t i e s  i s  d isposed  o f  a t  CECOS 
I n t e r n a t i o n a l ,  Niagara F a l l s ,  New York,  a l i c e n s e d  TSD f a c i l i t y  
(NYD080336241). Recent sampling o f  t h i s  m a t e r i a l  shows i t  t o  be 
non-hazardous under RCRA. A copy o f  the  Lab Analys is  was at tached 
t o  our l e t t e r  o f  June 25, 1984, 

Hopefu l ly ,  t h i s  i n f o r m a t i o n  c l a r i f i e s  any q u e s t i o n s  c o n c e r n i n g  ou r  d e l i s t i n g  
reques t .  I f  any a d d i t i o n a l  i n f o r m a t i o n  i s  needed, please contact  M r .  R. E. 
Scerbo a t  201-858-5544. 

Very t r u l y  yours, 

W. L. Taetzsch 
Environmental Coordinator 

REScerbo:vh 
Attachment 

A DIVISION OF EXXON CORPORATlON 



REFINING DEPARTMENT 
March 29, 1983 

BAYWAY REFINERY 

TSD Interim Status 
Exxon Bayonne Plant 
I. D. No. NJT 350011144 
File No.: 10-6-4b-3 

Frank Coolick, Chief 
Bureau of Hazardous Waste Engineering 
Department of Environmental Protection 
32 East Hanover Street 
Trenton, New Jersey 08625 

Dear Mr. Coolick: 

In response t o  your le t ter  of February 16, 1983, regarding the submission of a 1982 
TSD Annual Report for our Bayonne Plant, we request that the Plant be removed 
from the TSD interim status facility list. 

Our le t ter  of November 15, 1982 to  David Shotwell, which was subsequently 
forwarded to  your office, s ta ted the reasons why the Plant is not a TSD facility. 
A copy of the le t ter  is attached. 

Since New Jersey has now received authorization from the EPA for the RCRA 
Phase I program and since your le t ter  instructions note that  no contact with the 
EPA is required, we do not plan t o  submit a revised Part  A application t o  the EPA. 

Should you require any additional information about the Bayonne Plant operations 
or its classification, please call me on (201) 474-7585. 

. Very truly yours, 

;2fl* W. L. Taetzsch 

Environmental Coordinator ' 

W LTilk 
Attachment 

A OlVlSlON OF EXXON CORPORATION - 



MEMO 
. . 

NEW JERSEY STATE DEPARTMENT OF ENVIRONMENTAL PROTECTION -- 
i - 

- SUBJECT Exxon Bayonnne Plant 
Foot of East 22nd Street 
Bayonne, NJ 
NJT 350 011 144 

Attached, please find copies of the March 29, 1983, June 25, 1984, and Decem- 
A ber 7, 1984 correspondence from the above subject facil ity for your review. 

Exxon contends that the DAF float, heat exchanger bundle cleaning sludge, and '- API separator sludge are not listed hazardous wastes. Exxon considers KO48, G" K050, and KO51 waste codes not to correctly identify the aforementioned waste 
/ streams because their waste is not generated from the petroleum refining in- + dustry, but rather *from petroleum terminal ing. Is petroleum terminal ing a 

,o  part of the petroleum refining industry? 
u 

The waste water generated on-site as depicted in the December 7, 1984 letter 
is considered by Exxon to be a non-hazardous waste. Is the waste water a ha- 
zardous waste? 

The two oil/water concrete separators produce a skimmed oil. This oil is 
stored in a tank then blended with #6 fuel oil and sold as barge fuel. Is 
this skimmed oil a hazardous waste? 

Before the BHWE can consider this facility for delisting the aforementioned 
classifications must be made. Any information you require for these classi- 
fications should be formally forwarded to the BHWE (in a memo). The BHWE will 

, . contact the facility directly for this information. 
.. ..,?, f 5  -,.> . 
5 4 2  Please respond to this memo within thirty days frorn the date of this memo. 
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U N I ~ / E D  STATES ENVIRONMENTAL PROTECTION AGENCY 
1 REGION I I %if: i: 5 3b3 
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2 6  FEDERAL PLAZA 
NEW YORK. NEW YORK 10270 - 

M r .  G e o r g e  T y l e r  
A s s i s t a n t  C o m m i s s i o n e r  f o r  

E n v i r o n m e n t a l  Managemen t  a n d  C o n t r o l  
New J e r s e y  D e p a r t m e n t  o f  

E n v i r o n m e n t a l  P r o t e c t i o n  
L a b o r  a n d  I n d u s t r y  B u i l d i n g ,  Room 8 0 5  
P . 0 .  B O ~ X  C N  4 0 2  

: T r e n t o n ,  New J e r s e y  0 8 6 2 5  

D e a r  M r .  T y l e r :  

On J a n u a r y  3 1 ,  1 9 8 3 ,  t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency  (EPA) 
R e g i o n  11 s e n t  3 0 2  w a r n i n g  l e t t e r s  ( s a m p l e  c o p i e s  e n c l o s e d )  t o  
o w n e r s  a n d  o p e r a t o r s  o f  h a z a r d o u s  w a s t e  f a c i l i t i e s  w h i c h  were 
n o t  i n  c o m p l i a n c e  w i t h  EPA1s  f i n a n c i a l  r e s p o n s i b i l i t y  r e g u l a -  
t i o n s .  T h e s e  r e g u l a t i o n s  became  e f f e c t i v e  i n  J u l y  1 9 8 2  a n d  
r e q u i r e d  f a c i l i t i e s  t o  d e m o n s t r a t e  t h a t  f u n d s  a r e  a v a i l a b l e  f o r :  

O m e e t i n g  t h e i r  o b l i g a t i o n s  u n d e r  t h e  R e s o u r c e  
C o n s e r v a t i o n  a n d  R e c o v e r y  A c t  (RCRA) f o r  p r o p e r  
c l o s u r e  a n d  p o s t - c l o s u r e  c a r e  o f  t h e i r . f a c i l i t i e s  ( i . e . ,  
" f i n a n c i a l  a s s u r a n c e " ) ;  a n d  

O c o m p e n s a t i n g  o t h e r s  f o r  b o d i l y  i n j u r y  o r  p r o p e r t y  
damage c a u s e d  by  a c c i d e n t s  a r i s i n g  f r o m  o p e r a t i o n s  o f  

, t h e  f a c i l i t i e s  ( i . e . ,  " l i a b i l i t y  i n s u r a n c e " ) .  

T h e  f o l l o w i n g  i s  t o  s u m m a r i z e  i n d u s t r y ' s - c o m p l i a n c e  t o  d a t e  
( o r  l a c k  t h e r e o f )  w i t h  t h e  F e d e r a l  f i n a n c i a l  r e s p o n s i b i l i t y  
r e g u l a t i o n s .  S e e  t h e  e n c l o s e d  c o m p u t e r  p r i n t o u t  f o r  a  l i s t i n g  
o f  t h e  f a c i l i t i e s  i n  c o m p l i a n c e  w i t h  t h e  F e d e r a l  r e g u l a t i o n s .  
A l s o  e n c l o s e d  i s  a  l i s t i n g  o f  t h e  f a c i l i t i e s  w i t h i n  e a c h  non-  ; 
c o m p l i a n c e  c a t e g o r y .  

7 
A- 

' Numbee  o f  f a c i l i t i e s  w h i c h  h a v e  s u b m i t t e d  a l l  
r e q u i r e d  d o c u m e n t s  ( i n c l u d i n g  t h o s e  f a c i l i t i e s  
t h a t  h a v e  u t i l i z e d  t h e  f i n a n c i a - 1  t e s t  a n d  
c o r p o r a t e  g u a r a n t e e  m e t h o d s  o f  c o m p l i a n c e )  - 2 7 9  

O Number o f  f a c i l i t i e s  w h i c h  d e m o n s t r a t e d  
f i n a n c i a l  a s s u r a n c e  o n l y  - 1 0  



/ - 2 -  

O Number o f  f a c i l i t i e s  w h i c h  d e m o n s t r a t e d  
l i a b i l i t y  i n s u r a n c e  o n l y  - 28 

Number o f  " n o n - s u b m i t t e r s "  ( e x c l u d i n g  - 5 6 
f a c i l i t i e s  w h i c h  e i t h e r  c l o s e d  o r  r e q u e s t e d  
t o  b e  d e c l a s s i f i e d  as  h a z a r d o u s  w a s t e  
f a c i l i t i e s )  

T h e  a b o v e  n u m b e r s  i n d i c a t e  t h a t  9 4  f a c i l i t i e s  a r e  i n  v i o l a t i o n  
o f  t h e  F e d e r a l  a n d  S t a t e  f i n a n c i a l  r e s p o n s i b i l i t y  r e q u i r e m e n t s .  
Our  c o n c e r n  i s  w h e t h e r  t h e  S t a t e  o r  EPA s h o u l d  p r o c e e d  w i t h  
e n f o r c e m e n t  f o l l o w - u p  a c t i v i t i e s  f o r  t h e s e  9 4  f a c i l i t i e s .  The 
S t a t e ' s  f i n a n c i a l  r e g u l a t i o n s ,  w h i c h  h a v e  b e e n  i n  e f f e c t  s i n c e  
O c t o b e r  1 9 8 1 ,  a r e  e v e n  more  s t r i n g e n t  t h a n  t h e  F e d e r a l .  r e g u l a t i o n :  

, i n  t h a t  t h e y  d o  n o t  p r o v i d e  f a c i l i t i e s  w i t h  t h e  o p t i o n  o f  u s i n g  
t h e  c o r p o r a t e  g u a r a n t e e  o r  t h e  f i n a n c i a l  t e s t  f o r  d e m o n s t r a t i n g  
p r o o f  o f  f i n a n c i a l  a s s u r a n c e  a n d  l i a b i l i t y  i n s u r a n c e ,  Two h u n d r e :  
a n d  t h i r t y  f a c i l i t i e s  h a v e  u t i l i z e d  t h e s e  a l t e r n a t i v e  m e t h o d s  
( s e e  t h e  e n c l o s e d  c o m p u t e r  p r i n t o u t  f o r  a  l i s t i n g  o f  f a c i l i t i e s  
w h i c h  e m p l o y e d  t h e s e  m e t h o d s ) ,  Now t h a t  New J e r s e y  h a s  r e c e i v e d  
P h a s e  I i n t e r i m  a u t h o r i z a t i o n ,  t h e  S t a t e  i s  r e s p o n s i b l e  f o r  
e n f o r c i n g  f i n a n c i a l  r e g u l a t i o n s  i n  l i e u  o f  EPA, H o w e v e r ,  t h e  
P h a s e  I Memorandum o f  A g r e e m e n t  (MOA) d o e s  p r o v i d e  t h a t  EPA c a n  
i n i t i a t e  e n f o r c e m e n t  a c t i o n s  i n  c a s e s  w h e r e  t h e  S t a t e  d o e s  n o t  
i n i t i a t e  t i m e l y  a n d  a p p r o p r i a t e  e n f o r c e m e n t  a c t i o n s  a g a i n s t  
v i o l a t o r s .  R e g a r d l e s s  o f  w h i c h  Agency  t a k e s  t h e  l e a d ,  e n f o r c e m e n :  
a c t i o n s  m u s t  b e  b a s e d  o n  t h e  S t a t e ' s  f i n a n c i a l  r e g u l a t i o n s  ( s e e  
e n c l o s e d  EPA g u i d a n c e  o n  e n f o r c e m e n t  a c t i o n s  i n  a u t h o r i z e d  S t a t e s '  

P l e a s e  n o t i f y  me w i t h i n  t h e  n e x t  two w e e k s  a s  t o  t h e  S t a t e ' s  p l a c  
o f  a c t i o n  ( i n c l u d i n g  t i m e  f r a m e s )  f o r  c o n d u c t i n g  f o l l o w - u p  e n f o r c ~  
m e n t  a c t i v i t i e s  f o r  t h e  9 4  f a c i l i t i e s  i d e n t i f i e d  i n  t h e  e n c l o s u r e .  
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1.2 Summary and Results 

As part of the FORP investigation work, the following tasks were performed (site-wide): 

Installed 224 new temporary wells to supplement data fi-om 105 previously installed temporary wells. 
Installed 26 permanent wells to supplement 157 existing permanent wells. 
Delineated the site-wide free oil plumes using multiple free oil thickness measurements fi-om a total 
of 5 18 wells, 
Collected and analyzed 53 free oil samples using GC fingerprinting methods to support plume 
characterization, 
Collected and analyzed 62 vadose zone soil samples for % oil, % water, bulk density, porosity, and 
grain size analyses to define potential on-going sources, and to provide design data, 
Conducted 67 bail down tests in wells to support defining true free oil thicknesses in the formation. 
Conducted two rounds of site-wide water levels in 190 monitoring wells to define site-wide 
groundwater contours, 
At the ICI site, conducted an additional round of water levels in 72 wells on the ICI and Exxon site. 
Conducted 16 free oil skimming tests, 22 total dual fluids recovery tests, and 20 vacuum enhanced 
total dual fluids recovery tests to define the feasibility of free oil recovery at specific plumes, and to 
support the design of future free oil recovery systems. 

By completing the FORP field investigation program Exxon has completed the delineation of seventeen 
plumes (1 through 3, and 5 through 17) in the unconfined groundwater zone and one plume (16a) in a 
confined groundwater zone, and the delineation will meet the goals of the FORP IRM. 

The existing Plume 4 (at Tank 1066) was not made part of the FORP project, because it was previously 
fully delineated and is being remediated under a comprehensive free oil recovery system. 

The horizontal extents of the apparent free oil thickness plumes and the true free oil thickness plumes, 
are shown on Figure 1-3 and Figure 1-4, respectively: 

*Plume 1 (Pier 7) 
*Plume 2 (Pier 6) 
*Plume 3 (Pier 6) 
*Plume 5 (General Tank Field) 
*Plume 6 (General Tank Field) 
*Plume 7-AV and 7-DT (AV Gas and Domestic Trade Areas) 
*Plume 8/9 (Exxon Chemicals and Asphalt Plant Areas) 
*Plume 10 (No. 3 Tank Field) 
*Plume 1 I (Main Building Area) 
*Plume 12 (No. 2 Tank Field and Main Building Area) 
*Plume 13-AH and 13-ICI A, B, and C (A Hill Tank Field and ICI off-site Property) 
*Plume 14 (Lube Oil Area) 
*Plume 15 (Platty Kill Canal Area) 
*Plume 16 (Platty Kill Canal Area) 
*Plume 16a (Platty Kill Canal Area) 
*Plume 17 (Helipad Area) and Outlier Plume 

In this report, each of the plumes identified above are described in terms of its apparent oil thickness (as 
measured in wells), which is an exaggerated thickness, as well as its true oil thickness (what exists in the 
formation materials). This oil exaggeration in the wells is governed primarily by the grain size of the 
formation materials, such that the finer grained materials tend to produce a greater exaggeration in the . 
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wells. Grain size analysis results for subsurface soils within the plumes indicate that they have a 
relatively high percentages of combined fine sand and siltlclay fractions (Table 1-2). Thus, the 
exaggeration ratios in the monitoring wells at the Bayonne facility would be expected to be relatively 
11ig11. 

Given that the apparent thicknesses measured in the wells are not representative of the thickness of oil in 
the formation materials, the conceptual free oil recovery design options evaluated at each plume will be 
based on a conservative estimate of the true thicknesses for each plume. 

Based on criteria described in the FORP Workplan, and the results of the field investigation, three 
plumes (I, 7-AV, 10, and 13-ICI A) were identified where sustained free oil recovery equal to or greater 
than the 0.1 gpm cut-off criteria was achieved; at Plumes 1 and 7-AV extension of an existing trench 
system is also a conceptual remedial alternative. At eight of the plumes (2, 3, 6, 7-DT, 819, 13-AH, 14, 
and 17) active "sustained" free oil recovery in vertical wells would not be practicable using the 0.1 gpm 
cut-off criteria but, conceptually, free oil recovery could be recovered at lower rates, either through 
individual well systems or interceptorlrecovery trench systems. At 2 plumes (1 1 and 12) continued 
recovery via the Interceptor Trench is practicable. Because of limited free oil thickness, and extreme low 
recovery rates encountered, only intermittent free oil recovery from well(s) would be feasible at three 
plumes (16, 16A, and 13-ICI B). Finally, natural or in-situ bioremediation and monitoring, possibly 
supplemented with intermittent free oil skimming from the existing wells, are practicable conceptual 
methods at three plumes (5, 15, and Outlier). Due to the extremely low 'recovery rate at Plume 13-ICI C, 
containment is a practicable option at this plume. Table 1-1 presents further details and supporting data 
relative to the above conceptual recommendations. 

The following sections presents summary data on delineation and recovery tests at individual plumes. 

1.2.1 Plume 1 

Free Oil Delineation 

Plume I exists along the access road to Pier 7, parallel to the east-west trending gantry walls. The 
Upper New York Bay is the only off-site downgradient property. The apparent oil thickness plume is 
elongate and the maximum free oil thickness measured was 4.3 1 feet. 

A true oil thickness exaggeration ratio of 4 was used as a conservative value. Based on this ratio, the 
true oil thickness plume in the formation is limited to four individual globular areas, with a maximum 
true free oil thickness of 1.08 feet. The true thickness plume will be used to develop oil recovery 
options at Plume 1. 

The oil within Plume 1 is dominated by variously weathered diesel range product(s) (e.g., diesel fuel 
or he1 oil #2). The viscosity of the oil ranges between low and relatively high. 

Free Oil Recovery Design Data 

Currently, Exxon recovers free oil from 12 on site wells twice a week via vacuum truck. In addition, 
there is a "multi-level perforated French drain system" at the western portion of the plume that 
collects free oil and conveys it to Sheri 3 well sump. Also, at well EBRll free oil is recovered 
through a single total fluid pump system (about 5 gpm), operated manually for about 4 hours a day, 5 
days a week. 
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The free oil recovery options based on the true oil thickness at Plume 1 include two conceptual 
methods, 1) extension of the existing horizontal drain recovery systems at recovery well Sheri 3, and 
2) active skimming or vacuum enhanced pumping from vertical recovery wells. These methods 
would address the four globular areas of Plume 1 where the true oil thickness is greater than 0.1 feet. 

In the two westernmost globular areas of Plume 1, free oil can be recovered most effectively by 
upgrading and extending the existing horizontal drain recovery system associated with Sheri 3. 
Because of the tidal fluctuations in the area, multi-level collection drains should be used. 

In the two easternmost globular areas of Plume 1, the most practical method for free oil recovery is 
via installation of individual skimming recovery wells. 

Oil recovery using either of these methods would need to account for tidal fluctuations, bulkhead 
construction materials, and the heterogeneous nature of the fill. 

1.2.2 Plumes 2 and 3 

Free Oil Delineation 

Plume 2 is located approximately 100 feet north of Pier 6. The Upper New York Bay is the only 
potential off-site downgradient property. The apparent oil thickness plume is elongated in an east- 
west direction and the mazrimum apparent free oil thickness was 0.49 feet. 

At Plume 2, an exaggeration ratio of 3.5 was used to depict the true oil thickness plume. Based on 
this ratio, the true thickness plume is circular in shape and the maximum true free oil thickness was 
0.14 feet. 

Plume 3 is an irregularly shaped plume that exists immediately south of Pier 6. The Upper New York 
Bay is the only potential off-site downgradient property. The maximum free oil thickness was 2.1 1 
feet. 

An exaggeration ratio of 3.5 was used for Plume 3. Based on this ratio, the true oil thickness plume is 
an irregularly shaped plume, but covers less area than the apparent oil thickness plume. The 
maximum true free oil thickness in Plume 3 was 0.60 feet. 

The oil within Plumes 2 and 3 is characterized as a severely weathered automotive gasoline or 
moderately weathered kerosene, Jet A, JP-1 or JP-5. The exception is of one area in the southern 
portion of Plume 3; it contained a middle to heavy distillate fuel (fuel oil #6) and/or crude oil. 

Free Oil Recovery Design Data 

At Plume 2, free oil recovery is not practicable at this time, because recovery rates were less than 0.1 
gpm cut-off criteria. However, conceptual remedial methods for free oil recovery will be evaluated 
even through yields less than the 0.1 gpm rate for free oil skimming are anticipated. Specifically, a 
skimming program would be best implemented at existing well EBR12 for two reasons. First, 
because the maximum true oil thickness was found at this well, and second, because this well is 
located in a downgradient position within the plume. 

At Plume 3, free oil recovery is not practicable at this time, because recovery rates were less than 0.1 
gpm cut-off criteria. However, other conceptual recovery methods that would yield rates less than 
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this cut-off criteria include sustained free oil pumping using total dual fluids pumping or vacuum 
enhanced dual fluids pumping from vertical recovery wells. Multiple wells would be required which 
would utilize the two existing recovery wells (EBRIS and EBR21), and new wells installed at the 
central portions of the plume (because the two existing recovery wells occur at the extreme eastern 
and western ends of the plume). 

1.2.3 Plumes 5 and 6 

Free Oil Delineation 

Plume 5 is located within the General Tank Field and the Upper New York Bay is the only potential 
off-site downgradient property. The apparent oil thickness plume is comprised of two small areas 
which have a maximum apparent free oil thickness of 0.2 feet. 

At Plume 5 an exaggeration ratio of 6 was used to depict the true oil thickness plume. At all locations 
the true free oil thickness was less than 0.1 feet. 

Plulne 6 is located at the southern end of the General Tank Field. The Upper New York Bay is the 
only potential off-site downgradient property. The apparent oil thickness plume is oval-shaped, and a 
small, separate area of oil occurs to the west of this plume. The maximum apparent free oil thickness 
was 7.67 feet. 

At Plulne 6, an exaggeration ratio of 6 was used. Based on this ratio, the true oil thickness plume is 
an irregularly shaped oval with a maximum true free oil thickness of 1.28 feet. 

The oil in Plume 6 is predominantly comprised of a moderately degraded diesel fuel or fuel oil #2. 
Plume 5 oil is a mixture of moderately degraded diesel fuel/fuel oil #2 and some unique, heavier, 
waxy materials; it is clearly distinct from the Plume 6 oils. In addition, Plume 4 contained oil that 
was completely unrelated to those observed at Plume 6. The viscosity of the oil in Plume 6 ranged 
from low to moderate. 

Free Oil Recovery Design Data 

At Plume 5, recovery of oil is not practicable because there is no discernible/recoverable free oil 
present (i.e., the true thickness of oil is less than 0.1 feet). Conceptually, natural or in-situ 
biodegradation and monitoring should be considered as a long term remedial method. 

At Plume 6, the conceptual free oil recovery options include: 1) extension of the existing horizontal 
drain recovery systems at recovery well Sheri 3; the existing perforated drain system would have to 
be extended approximately 500 feet to the west, and 2) active total dual fluids or vacuum enhanced 
pumping from vertical recovery wells, both of which are not practicable because they would results in 
a recovery rate less than the 0.1 gpm criteria, but conceptually these methods will be evaluated. 
Plume 6 is outside the area of tidal influence. 

1.2.4 Plumes 7-AV and 7-DT 

Free Oil Delineation 

Plume 7 is present as two distinct plumes in both the AV Gas (Plume 7-AV) and Domestic Trade 
(Plume 7-DT) Areas, based on the apparent free oil thickness measured in wells on-site. 
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In the AV Gas Area, Plume 7-AV (apparent oil thickness) has two main lobes that are joined to the 
north. The greatest apparent free oil thickness of 9.91 feet was measured in the northern portion of 
the eastern lobe. An exaggeration ratio of 6 was used to depict the true oil thickness plume. Based on 
this ratio, the true thickness plume is horseshoe-shaped, and the maximum true free oil thickness was 
I .65 feet. 

In the Domestic Trade Area, Plume 7-DT (apparent oil thickness) is roughly circular in shape and 
occupies the west-central portion of this area. The greatest apparent free oil thickness here was 7.41 
feet. In this plume an exaggeration ratio of 4 was used and the resulting true thickness plume has a 
maximum thickness of 1.85 feet. 

The oil in the eastern lobe of Plume 7-AV is characterized as a mixture of moderately weathered 
diesel #I and a gasoline range products; the viscosity of the oil ranged from low to relatively high. In 
the western lobe of Plume 7-AV, the oil was moderately to severely degraded heavy fuel oil, and 
mixture of aromatic solvent, diesel range products, and lube or asphalt type products. The oil in 
Plume 7-DT is characterized as moderately weathered diesel fuel or fuel oil #2 mixed with gasoline 
range products; the viscosity of the oil is relatively low. 

Free Oil Recovery Design Data 

Plume 7-AV 

At Plume 7-AV, Exxon currently monitors free oil thickness and recovers free oil (and water) from 
well ITMW1 twice a week using a vacuum truck. Approximately 6 gallons of oil is recovered from 
this well during each event. 

At Plume 7-AV, the free oil recovery options include two potential methods, I )  continued use of the 
existing interceptor trench, and, possibly, extension of this trench, and 2) active total dual fluids 
pumping from vertical recovery wells. Plume 7-AV is outside the area of tidal influence. 

At the western lobe of Plume 7-AV, continued use of the interceptor trench is the most appropriate 
remedial method, because this lobe of the plume is upgradient of the trench. A potential alternative 
for this method would be to extend an arm of the trench into the southern portion of this lobe of the 
plume to increase the effectiveness of the recovery; an additional oil collection sump would be 
utilized. 

At the eastern lobe of Plume 7-AV, extending the interceptor trench approximately 300 feet to the 
east so that it intercepts the oil in this lobe of the plume is the most appropriate remedial method; an 
additional oil collection sump would be utilized if the trench were extended. An alternative to this 
might be active total dual fluids pumping. 

Additional wells that use total dual fluids pumping would have to be used to address the free oil in the 
central and extreme southern portions of this lobe of Plume 7-AV, because groundwater flow 
directions in this area shift to the east making it unlikely that an extension of the trench would be 
effective for this portion of the plume. 

Plume 7-DT 

At Plume 7-DT, free oil recovery is not practicable at this time, because recovery rates were less than 
0.1 gpm cut-off criteria. However, conceptual recovery methods that would yield rates less than this 

'\\P~~~~~~~O~\~~~~\PROJDATA\ENG\EXXON\BAYONNE\ICI\REPORT\~~~~~REV\SUMMARY .DOC Page 1-6 



NJDEP Submittal, Mar-98 (revised March 1999) 

will be evaluated even through low recovery rates (<0.01 gpm) are expected. Methods include active 
vacuum enhanced total dual fluids pumping. While oil skimming and total dual fluids pumping are 
also conceptually feasible, they were less effective than vacuum enhanced testing. 

Extending the eastern end of the lnterceptor Trench (noted above for Plume 7-AV) would not capture 
Plume 7-DT, because the groundwater flow direction in the Domestic Trade Area is to the north- 
northeast, away from the area into which the trench would potentially be extended. 

1.2.5 Plume 11 

Free Oil Delineation 

Plume 11 is located at the northwestern end of the lnterceptor Trench, which bisects the plume. The 
apparent thickness plume is generally globular in shape and maximum apparent free oil thickness was 
0.9 feet. 

An exaggeration ratio of 6 was used to depict the true thickness plume. When this ratio is applied, the 
true thickness plume is composed of only two small areas of oil, both of which have a maximum true 
free oil thickness of 0.1 5 feet. 

The oil from the northern end of the plume is a moderately to severely weathered heavy fuel oil 
product (#6 fuel oil) or crude oil. The viscosity of this sample and another sample from the southern 
end of the plume are significantly different, suggesting that Plume 11 may be composed of two 
different types of oil. 

Free Oil Design Data 

At Plume I I, the most appropriate conceptual free oil recovery method would be continued use of the 
lnterceptor Trench. Plume 11 is outside the area of tidal influence. The lnterceptor Trench bisects 
Plume 11 and based on the converging groundwater flow in tliis area, the trench will contain the free 
oil in Plu~ne 1 1. 

1.2.6 Plume 12 

Free Oil Delineation 

Plume 12 is predominantly located on the south side of the lnterceptor Trench. The apparent 
thickness plume is generally circular in shape, however, it is elongated in a northwest-southeast 
direction where the plume meets the Trench. The maximum free oil thickness was 3.3 1 feet. 

An exaggeration ratio of 6 was used to depict the true thickness plume. Using tliis ratio, the plume is 
roughly circular in shape, and its maximum true free oil thickness is 0.55 feet. 

The GC fingerprint results indicate that the free oil sample on the south side of the lnterceptor Trench 
within Plume 12 is different than the sample from the north side of the Trench (note that the oil was 
not consistently present in the wells north of the trench). The oil south of the trench is a slightly 
weathered diesel fuel #2 or fuel oil #2. North of the trench the oil is a mixture of moderately 
weathered mid-heavy fuel oil admixed with an unspecified unweathered gasoline range product (the 
oil was intermittently present in the well in the area north of the Trench). The viscosity of the oil was 
relatively low. 
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Free Oil Recovery Design Data 

At Plume 12, the most appropriate conceptual free oil recovery method would be continued use of the 
Interceptor Trench. The Interceptor Trench is located hydraulically downgradient of Plume 12. The 
close proximity of the plume to the Trench, and the overall configuration of the plume at its northern 
edge, indicates that the Trench is capturing the plume. 

1.2.7 Plume 819 

Free Oil Delineation 

Plume 819 is present in the fonrier Exxon Chemical Plant Area. The apparent thickness plume is 
roughly circular in shape, except that it is slightly elongated to the southeast on its downgradient end. 
The maximum apparent free oil thickness was 4.05 feet. 

The true free oil thickness plume was depicted using an exaggeration ratio of 6. The true thickness 
plume is generally smaller compared to the apparent thickness plume. The maximum true free oil 
thickness in this plume was 0.68 feet. 

Three of the four oil samples within Plume 819 contained oil comprised of mixtures of different types. 
A xylene-dominant gasoline range product occurred in all three wells, and two other wells shared an 
unusual lube oillasphalt product, thereby supporting a shared source. However, there were also 
numerous differences noted between the samples. These differences argue for multiple sources 
within the plume that have yielded a heterogeneous plume o f  oil in this area. A fourth sample along 
the southern boundary of the plume was distinct from the others; it was composed of a moderately 
weathered diesel fuel #2/fuel oil #2. The viscosity of the oil ranged from low to moderate. 

Free Oil Recovery Design Data 

At Plume 819, free oil recovery is not practicable at this time, because recovery rates were less than 
0.1 gpm cut-off criteria. However, conceptual recovery methods that would be evaluated, although 
the expected yield rates would be < 0.01 gpm, are: 1) sustained free oil recovery using total fluids or 
vacuum enhanced pumping from wells and 2) recovery of oil in a horizontal recovery trench system 
along the property boundary. Recovery using a trench system would prevent possible migration of 
the plume onto off-site properties. Given the low projected recovery rates, a trench system would be 
a better system to collect oil at this property boundary. The configuration of the trench would have to 
account for the presence of railroad tracks and pipelines in the southern portion of the plume. 

Plume 819 is outside the area of tidal influence. 

1.2.8 Plume 10 

Free Oil Delineation 

Plume 10 is present in the No. 3 Tank Field. The apparent thickness plume is oval-shaped and covers 
the southern portion of the No. 3 Tank Field and extends to off-site properties south of Lower Hook 
Road. The maximum free oil thickness in the No. 3 Tank Field was just over 8 feet, and off-site the 
maximum thickness 7.65 feet. 
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An exaggeration ratio of 6 was used to depict the true free oil thickness plume. When this ratio is 
used, the true thickness plume is generally smaller compared to the apparent thickness plume, 
however, the shape is similar. The maximum true free oil thickness in this plume was I .67 feet. 

The majority of the oil within Plume 10 contains a similar mixture of a moderately weathered diesel 
fuellfuel oil #2 product, and an unweathered, unidentified gasoline range product. This indicates that 
the oil sliares a common source. Oil from one area of the plume was chemically distinct from the 
other oils in Plume 10, and may have a different source. The viscosity of  the oil was relatively low. 

Free Oil Recovery Design Data 

At Plume 10, the conceptual free oil recovery options include: 1 )  active skimming, total dual fluids or 
vacuum enhanced pumping of free oil from vertical wells and, 2) use of an interceptor trench along 
the property boundary north of Lower Hook Road. Plume 10 is outside the area of  tidal influence. 
The array of recovery wells would include the two permanent wells (GMMW7 and GMMW16) off- 
site in the south-central portion of the plume near Lower Hook Road, but additional recovery wells 
would have to be added within the plume. Additionally, a series of recovery wells could be installed 
along the property boundary to prevent off-site migration of plume. 

Because off-site migration of the plume is of primary concern at this area, a recovery trench installed 
along the northern portion of Lower Hook Road would also be effective in preventing continued off- 
site migration of this plume. Based on the true thickness plume, this trench would need to be at least 
600 feet long. If it were installed along Lower Hook Road, the trench would be downgradient of the 
majority of the plume. 

1.2.9 Plumes 13-AH and 13-ICI A, B, and C 

Free Oil Delineation 

Plume 13 is actually comprised of four separate plumes, one that occurs in the southern portion of the 
A Hill Tank Field and the Main Building Area (Plume 13-AH), and three other, predominantly off- 
site, plumes (13-IC1, A, B, and C) that are located on the IC1 property to the north; one of the plumes 
(13-ICI A) extends south into the A Hill Tank Field. 

Plume 13-AH (apparent free oil thickness) is elongated in an east-west direction which is consistent 
with the expected directions of groundwater flow, considering that a groundwater divide was defined 
in this area of the site. Due to this divide, the eastern portion of this plume would flow toward the 
Interceptor Trench, and the western portion would flow toward the Platty Kill Canal. The maximum 
free oil thickness was 9.55 feet. 

At Plume 13-AH, an exaggeration ratio of 5 was used to depict the true thickness plume. The extent 
of the true thickness plume is generally smaller compared to the apparent thickness plume, however, 
its shape is similar. The maximum true free oil thicknesses in this plume was 1.95 feet. 

Plume 13-1C1 A (apparent free oil thickness) is irregularly-shaped and covers a relatively large area. 
The maximum apparent free oil thickness was 10.08 feet, which was measured on the 1CI Americas 
site. The maximum thickness within the A Hill Tank Field was 4.91 feet. 

Page 1-9 



NJDEP Submittal, Mar-98 (revised March 1999) 

Plume 13-ICI B (apparent free oil thickness) is irregularly shaped and exists in the far eastern portion 
of the ICI site. The maximum apparent free oil thickness was 4.17 feet. This plume is suspected to 
be connected to the west end of Plume 1 1 .  

Plume 13-ICI C (apparent free oil thickness) is roughly circular in shape. The maximum apparent 
free oil thickness was 0.97 feet. The distribution of oil within this plume is likely to be discontinuous 
as the oil is likely to be associated with the former, elongate and irregularly-shaped, storage lagoons 
in this area of the ICI site (Figures 1-3 and  1-4). 

At Plume 13-1CI A, B, and C, the true free oil thickness plume was depicted using an exaggeration 
ratios of 3, 2 ,and 2 (estimated), respectively. The extent of the true thickness plume is generally 
smaller compared to the apparent thickness plume, however, its shape is similar. The maximum true 
free oil thicknesses in each of these plumes was 3.36 feet, 2.09 feet, and 0.49 feet (estimated), 
respectively. 

Most of the oil from Plume 13-AH and 13-ICI was comprised of a variably weathered heavy fuel oil 
#5 or #6 or crude oil. Some of these wells also contained mixtures of heavy fuel/crude oil with 
different amounts of variously weathered diesel fuel #2/fuel oil #2 and various amounts of 
unspecified gasoline range products. Oil from the northeastern portion of Plume 13-IC1 B was 
distinct because it contained predominantly suspected PAH compounds, which suggests that the 
material was derived from a non-petroleum source. This area is clearly heterogeneous and has a 
complex history of multiple product releases in many areas. The viscosity of the oil was relatively . 

low. 

Plume 13-AH contained mixtures of heavy fuel/crude oil with different amounts of variously 
weathered diesel fuel #2/fuel oil #2 and various amounts of the unspecified gasoline range product(s). 
Within Plume 13-ICI A, the NAPL samples from the southern and central portions of the plume are 
all chemically similar in that they are comprised of a mixture of gasoline, diesel and residual range 
organics. Specifically, they appear to represent mixtures of ( I )  a light petroleum product (gasoline?), 
(2) a diesel fuel oil #2, and (3) a minor amount of a "background" heavy fuel/crude oil. The degree of 
mixing among these three products is fairly comparable. The NAPL samples from the northern 
portion of Plume 13-1CI A are also chemically similar and are each comprised of moderately to- 
severely weathered heavy fuel oil or crude oil. There are no GC fingerprint data available for the 
main Plume 13-ICI B, however, based on visual similarity of the oil (dark brown-black with a 
relatively high viscosity), and ground water flow directions, this plume is believed to be related to the 
oil found ili Plume I I ,  across Avenue J. At Plume 13-1CI C, the oil is a heavy, crude oil type. 

Free Oil Recovery Design data  

Plume 13-AH 

At Plume 13-AH, free oil recovery is not practicable at this time, because recovery rates were less 
than 0.1 gpm cut-off criteria. However, conceptual recovery methods that would be evaluated 
although yield rates are expected to be less than this cut-off criteria include sustained pumping using 
either skimming, total dual fluids pumping and vacuum enhanced pumping. Because this plume 
partially straddles a groundwater divide, pumping wells would need to be placed on both sides of the 
divide. However, the recovery wells would be concentrated in the eastern portion of the plume 
(where there is currently one existing well, AHFMWI) because most of the plume occurs on the east 
side of the divide. 
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Near the Main Building, an alternative for remediation of this plume would be to construct a 
collection trenchldrain on the western and southern sides of the Main Building. This collection 
system would be downgradient of the majority of Plume 13-AH. 

Plume 13-ICI A 

At Plume 13-ICI A, the conceptual free oil recovery options include: 1) active skimming and total 
dual fluids pumping of free oil from vertical wells and, 2) possibly the use of an interceptor trench 
along the property boundary to the north. Plume 13-ICI A is outside the area of tidal influence. The 
array of recovery wells would include the two existing permanent wells (ICIMW2 and ICIMW3) in 
the south-central and central portions of the plume, but additional recovery wells would have to  be 
added within the plume. An interceptor trench could be used at selected site boundaries. 

In the southern portion of Plume 13-IC1 A (in the A Hill Tank Farm), free oil recovery using 
sustained skimming, total fluids or vacuum enhanced pumping from vertical wells is not practicable 
using the 0.1 gpm recovery rate cut-off. However, if lower recovery rates are considered, these 
methods could conceptually be implemented. 

Plume 13-ICI B 

At Plume 13-1CI B, free oil recovery is not practicable at this time, because recovery rates are not 
expected to be close to the 0.1 gpm cut-off criteria. However, conceptual recovery methods that 
would be evaluated, although yield rates are expected to be less than this cut-off criteria, include 
skimming, and possibly vacuum enhanced pumping. An interceptor trench could be used at the site 
boundary along Avenue J. While this plume is believed to be connected to Plume 11, the interceptor 
trench at Plume 11 does not extend across Avenue J onto the ICI site, so a separate recovery system 
would be needed. 

Plume 13-ICI C 

At Plume 13-IC1 C, free oil recovery is not practicable at this time, because recovery rates are many 
orders of magnitude lower than the 0.1 gpm cut-off criteria. However, conceptual recovery methods 
that would be evaluated, even though yield rates are expected to be less than this cut-off criteria, 
include intermittent- oil skimming, and containment. 

1.2.10 Plume 14 

Free Oil Delineation 

Plume 14 exists within the Lube Oil Area. The apparent thickness plume is elongate and trends in a 
north-south direction. The southeastern edge of the apparent thickness plume is approximately 120 
feet from the boundary of the Exxon property. The maximum apparent free oil thickness was 6.63 
feet, which was measured in the extreme northern portion of the plume, however, most of the plume 
is characterized by a thickness of less than 1 foot. 

The true thickness plume was depicted with an exaggeration ratio of 6. Using this ratio, the true free 
oil thickness plume is comprised of two areas with a thickness greater than 0.1 feet, one at the north 
end of the plume.and another at the southern end. The maximum true free oil thickness in this plume 
was 1.1 I feet. 
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The oil from the northern, central and southern ends of Plume 14 are different. The northern end is 
characterized by a moderately weathered crude oil mixed with a gasoline range product(s). Farther 
south, the oil contained mixtures of gasoline range and diesel range products. Oil from the southern 
end of Plume 14 was comprised exclusively of severely weathered diesel fuel #2/fuel oil #2. The 
viscosity of the oil was relatively low. 

Free Oil Recovery Design Data 

Free oil recovery at the two areas of Plume 14 where the true thickness is greater than 0.1 feet is not 
practicable at this time, because recovery rates were less than the 0.1 gpm cut-off criteria. However, 
conceptual recovery methods will be evaluated although yield rates are expected to be less than 0.1 
gpm. 

1.2.11 Plumes 15,16, and 16A 

Free Oil Delineation 

Plume 15 is located in the northern portion of the Platty Kill Canal Area, near a large stockpile.of soil 
and construction debris. The apparent oil thickness plume is elongate and extends into the 
northwestern portion of the Lube Oil Area. The western end of this plumes extends at least to the 
edge of the IMTT property and a small portion of the plume is interpreted to extend onto this 
property. The maximum apparent free oil thickness was 1.75 feet. 

At Plume 15, the true oil thickness plume was depicted using an exaggeration ratio of 4. The 
maximum true free oil thicknesses was 0.44 feet. 

Plume 16 exists in the central portion of the Platty Kill Canal Area. The plume is irregularly shaped 
and the width is variable. The Platty Kill Canal is the only downgradient receptor. The maximum 
apparent free oil thickness 3.23 feet. 

At Plume 16, the true oil thickness was depicted using an exaggeration ratio of 3.5. The maximum 
true free oil thicknesses in Plume 16 was 0.92 feet. 

Plume 16a exists in the central portion of the Platty Kill Canal Area immediately northeast of the 
Canal, within the confined groundwater zone. The apparent thickness plume is elongate and the 
lnaxilnuln free oil apparent thickness was 10.09 feet. 

At Plume 16a, the true free oil thickness was not determined because the plume occurs in a confined 
groundwater zone. However, it is likely that the exaggeration in the monitoring wells is significant, 
given that the wells would tend to act as collection points for the oil trapped under the peatlsilt layer. 

The oil within Plumes 15, 16, and 16a were all distinct from one another; the only exception was that 
one sample from Plume 15 and one from Plume 16 were virtually identical. The fact that the oils 
within the individual plumes were distinct argues for multiple sources within each plume, and that the 
free oil plumes may also be discontinuous. Recovery of free oil from Plume 15 will need to consider 
the heavy character of these oils, as the mobility of these heavy products is probably limited. The 
viscosity of the oils was moderate to high. 
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Free Oil Recovery Design Data 

Plume 15 

At Plume 15, Exxon monitors free oil thickness and vacuums out product (and water) from well 
GMMW 12 twice a week. 

At Plume 15, free oil recovery is not practicable at this time. A combination of factors make the 
recovery of free oil at Plume 15 not practicable. First, sustained recovery of free oil could not be 
achieved. Second, the GC fingerprint results indicated that the heavy character of these oils probably 
limits their lnobility in the subsurface (the viscosity of the oils was relatively high). Third, the oil 
occurs over a relatively large area with only one central area of thicker oil, which has a true thickness 
of less than 0.5 feet. Therefore, a reasonable conceptual approach for this plume is remediation 
through natural or in-situ biodegradation with monitoring, and possibly intermittent skimming of oil 
from the central location of the plume. 

Plume 16 

At Plume 16, Exxon currently monitors free oil thickness and vacuums out product (and water) from 
well EB19 twice a week. 

At Plume 16, sustained free oil recovery is not practicable at this time. Similarly to Plume 15, a 
combinatioil of factors make the recovery of free oil in vertical pumping wells at Plume 16 not 
practicable. First, no sustained free oil recovery could be achieved during the pump testing. Second, 
the GC fingerprint results indicated that the heavy character of these oils probably limits their 
mobility in the subsurface (the viscosities were relatively high). Therefore, a conceptual remedial 
strategy would be to use intermittent free oil skimming from wells installed in the horseshoe shaped 
true thickness plume. 

An additional conceptual alternative is to use a small recovery trench installed on the upgradient side 
of the Platty Kill Canal retaining wall to capture oil that might otherwise migrate to the Canal. A 
recovery trench system would have to account for tidal effects on groundwaterlfree oil levels in the 
formation. 

Plume 16A 

At Plume 16A, Exxon currently monitors free oil thickness and vacuums out product (and water) 
from wells PKMWl1, PKMWI 2, and PKMW 14 twice a week. 

At Plume 16A, which occurs in the confined groundwater zone, sustained free oil recovery is not 
practicable because recovery rates were less than 0.1 gpm cut-off criteria. However, conceptual 
recovery methods that would yield rates less than this cut-off criteria include intermittent oil 
skimming using large diameter wells. Recovery of free oil from Plume 16a in the confined zone has 
an added advantage over recovery in the unconfined zone in that the wells, which are screened in the 
confined zone, act as natural collection areas for the oil (i.e., the oil preferentially collects in these 
wells). Several additional recovery wells will need to be added in the central and southern portions of 
the plume because the existing wells are located only within the northern portion of the plume. 
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1.2.12 Plume 17 

Free Oil Delineation 

Plume 17 is located in the Helipad Area. The Kill Van Kull Waterway is the only potential off-site 
downgradient property. The apparent thickness plume is irregularly-shaped and trends in a roughly 
northeast-southwest direction in the Helipad Area. The maximum apparent free oil thickness was 
3.50 feet. 

An exaggeration ratio of 6 was used to depict the true thickness plume, which consists of two separate 
areas where free oil is greater than 0.1 feet. The maximum true free oil thicknesses in this plume was 
0.58 feet. 

The oil from Plume 17 contain mixtures of lube oil with a "background" weathered crude oil. The 
predominantly heavy nature of these oils will minimize their potential to migrate into the subsurface, 
which is important given the proximity of the plume to the Kill Van Kull Waterway and Pier 1. The 
viscosity of the oil was moderate to high. 

Free Oil Recovery Design Data 

At Plume 17, sustained free oil recovery is not practicable because recovery rates were significantly 
less than 0.1 gpm cut-off criteria. Also, the oil viscosity is fairly high at this plume. However, 
conceptual recovery methods will be evaluated for practicability. An arc-shaped collection 
trenchldrain on the downgradient side of Plume 17 will be evaluated for effectiveness for capturing 
the free oil in the plume; this trench would have to extend far enough on both ends to account for the 
divergent flow affects produced by the groundwater mound that extends into the Helipad area. The 
need for multi-level collection pipes needs to be considered because tidal fluctuations in the Kill Van 
Kull Waterway effect groundwater levels. Also, the deteriorated condition of the eastern bulkhead 
wall should be considered. This collection trench could be tied into the West Side Treatment plant. 

1.2.13 Outlier Plume 

Free Oil Delineation 

The Outlier Plume is located south of Plume 16 in the Platty Kill Canal Area. The Platty Kill Canal is 
the only potential off-site downgradient property. The apparent thickness plume is roughly circular in 
shape and the maximum apparent free oil thickness was 1 .I 1 feet. 

An exaggeration ratio of 6 was used to depict the true thickness plume. The maximum true free oil 
thicknesses in this plume was 0.19 feet. 

Free Oil Recovery Design Data 

At the Outlier Plume, free oil recovery is not practicable at this time, given that the maximum true 
free oil thickness is 0.19 feet. Therefore, a reasonable conceptual approach for this plume is 
remediation through natural or in-situ biodegradation with monitoring, and possibly intermittent 
skimming of oil from wells in the plume. 
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Free Oil Recovery Project 
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Plume 
No. 

1 

2 

3 

5 

6 

7-AV 

7-DT 

- 819 

10 

11 

12 

13-AH 

Area 

Pier7 

Pier 6 

Pier 6 

General 
Tank Field 

General 
Tank Held 

AvGas 

Domestic 
Trade 

Exxon 
Chmicals 
(Utilities) 

No. 3Tank 
Field 

Main 
Building 

No. 2Tank 
Field and 

Main 
Building 

AHillTank 
Field 

Ground water 
Zone 

UnconEned 

Unc&ed 

Unconfined 

Uncoafmed 

Umxdhed 

Unc&ed 

Uncoafmed 

U d m e d  

Unconfined 

Unconfined 

Unconfined 

Unconfined 

Maximum 
Apparentkee 
Oil'hidmcss 

(feet) 

4.31 

0.49 

2.11 

0.24 

7.67 

9.91 

7.41 

4.05 

8.33 

0.90 

3.31 

9.55 

Maximum 
True 

FreeOil 
? h i E k  

(feet) 
1 .08 

0.14 

0.60 

0.04 

1.28 

1.65 

1.85 

0.68 

1.67 

0.15 

0.55 

1.91 

Ratio of 
m a r e n t  to 

TrueFree.Oi 
?hiEkness 

4.0 

3.5 

3.5 

6.0 

6.0 

6.0 

4.0 

6.0 

5.0 

6.0 

6.0 

5.0 

Tidal 
Area 

Y e  

Yes 

Y e  

No 

No 

No 

No 

No 

No 

No 

No 

No 

Sustained Oil Reconry Rate During 
Pu~up Test 

W z  0.1 g p  
Sustained Oil 
Recovery Rate 
Criteria Met? 

Yes 

No 

No 

NA 

No 

Yes 

No 

No 

Yes 

NA 

NA 

No 

SKTest 

(IF4 

0.100 

0.069 

0.004 

NA 

0.000 

0.05 

0.030 

0.000 

0.120 

N A 

N A 

0.010 

Maximum 
Radius of 

Groundwater 
Influence for TF 

Test 

(feet) 

NA 

> 50 

5 - 4 0  

N A 

> 50 

10 - 50 

15 - 50 

10 - 50 

10 - 50 

N A 

NA 

10-50 

TFTcst 

(IF4 

0.025 

Sheen 

0.032 

N A 

0.010 

0.920 

0.020 

0.014 

0.300 

N A 

N A 

0.030 

VETest 

(ppn) 
0.250 

Sheen 

0.024 

NA 

0.030 

N A 

0.070 

0.035 

0.250 

N A 

NA 

0.090 

Range of Oil 
Vicsity 

(centistokes) 

2 7  - 57.0 

10.3 

3.8 - 3.9 

NA 

4.7 - 24.0 
- 

1.9 - 52.3 

2.6 - 3.2 

1.6 - 36.1 

2 0  - 19.7 

2.7 - 29.9 

5.3 - 8.5 

3.2 - 7.7 

Types of Oil Present in Plume 

Weathered diesel range products, gasoline. 

Severely weathered automotive gasoline or 
kerosene. Jet A. JP-1 or JP-5. 

Severely weathered automotive gasoline or 
kerosene, Jet A, JP-1 or JP-5; one area of 
middle to heavy distillate fuel and or crude 
oil. 

NA 

Moderately degraded diesel fuel #2. fuel 
oil #2, automotive gasoline, kerosene, 
petroleum naptha 

Moderately weathered diesel fuel #1, 
automotive gasoline, aromatic solvents 
(xylenes), fuel oil #2, lube o& asphalt 
products, crude oil 

Moderately weathered diesel fuel #2, fuel 
oil #2, mixed with unspecified gasoline 
range product 

Mixma of different types of oil. Diesel 
fuel #2, fuel oil #2, aromatic solvents 
(xylenes), lube o& q h a k  products, crude 
oil automotive gasoline 

Moderately weathered diesel fuel #2, fuel 
oil #2, lube oil, asphalt products, 
unspecified gasoline product 

Moderately to severely weathered heavy 
fuel oil product (fuel oil +% or #6), crude 
oil 

Slightly weathered diesel fuel or diesel 
fuel #2, fuel oil #2 (within plume) 
uuspecified gasoline range product 

Moderately weathered heavy fuel oil 
producf diesel fuel #2. fuel oil #2 mixed 
with heavy fuel oils (#5 and #6) or crude 
oil automotive gasoline, crude oil. 

Conceptual Free Oil Recovery Strategies 
For Further Evaluation 

Use sustained k oil SK or VE pumping from recovery wells in 
eastem portion of plume. Other conceptual strategies include 1) 
extend Sheri 3 drain collection system to western portion of plume. 

Sustained recovery appears not practicable at this time. Other 
conccpaLal methods include mstahed k oil SK in vertical recovery 
wells. 

Sustained recovery a p p n  not practicable at this time. Other 
conceptual methods include TF pumping or VE pumping in vertical 
recovery wells. 

Sustained recovery appears not practicable at this time. Other 
conceptual methods include in-situ bioremediition with long term 
mcmitoring because there is no discerniblelrecoverable hee oiL 

Sustained recovery appears not practicable at this time Other 
conceptual methods include 1) extend Sheri 3 horizontal drain oil 
collection system; 2) TF or VE pumping in vertical wells. 

Use egsting Inte~eptorTrench east to address western lobe of plume. 
Extend Trench to address northem portion of eastun lobe of plume. 
Concepolally conside using TF pumping in central and swthun 
pwtions of eastern lobe of plume. 

Sustained recovery appears not practicable at this time. Other 
conceptual methods include VE pumping hom vertical wells 
p p i n g  is l g s  effective than VE pumping.) 

Sustained recovery appears not practicable at this time. Other 
conceptual remedii methods include TF or VE pumping hom 
vertical recovery wells. At boundary of Exxon property consider use 
of interceptor trench to prevent off-site migration of plume. 

Use sustained free oil SK. TF or VE pumping from vertical wells. 
Consider use of interceptor trench along southern boundary of site to 
prevent off-site migation of oiL 

Use existing Interceptor Trench 

Use exking Interceptor Trench 

Sustained recovery appears not practicable at this time. Other 
conceptual metbods include free oil SK, TF or VE pumping horn 
veritical wells or trenching. 

Existing Free Oil Recomy Sy~xern 

TYPC 
Total fluids p p i g  fiom Sheri 3 
horizontal drain system. Total fluids 
pumping from EBR11. 

Recovery wells exist on-site; 1 well is 
within the plume area 

Recovery wells exis& on-site; 2 wells 
are within the plume area 

None 

None 

IntmeptorTrcnch (which provides 
partial coverage) 

None 

None 

None 

Interceptor Trench 

Interceptor Trench 

None 

Operational 

Yes 

No 

No 

NA 

NA 

Yes 

NA 

NA 

NA 

Yes 

Yes 

NA 
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F m  Oil Recovery Roject 

Eorw Compaoy. USA 

Bayonne, New Jersey 

Yes 

WasO.1gpm Maximum 
Sustained Oil Radius of 

Recovery Rate Groundwa~~ 
Criteria Met? Influeace f a  TF 

Test 

light p l e u m  gasoline. diesel fuel oil 
#2,and minor amount of a "background" 
heavy fueVcrude oil Northern portion: 
moderately to severely weathertd heavy 

Types of Oil Present in Plume RangofOi  
V i i t y  

(centistokes) 

I I fuel oil a crude oi l  I 

Edsting Fra O i  Recovery System 

I 

1 1.6 - 8.7 ISouthem and central pdm: mixture of l ~ o n e  I NA l ~ s e  sustained SK a TF raovery m centraUmthem portions of the 
TYF 

Conceptual Free Oil Recovery Strategies 
F a  Fw~hcr Evaluatim 

Operational 

NA 

NA 

I 

No GC fmgerprint data available. Based 
on visual inspaction the oil is dark brown- 
black and has a relatively high viscmity. 

I lthe site boundary along Avenue J. 

plume. An inrerccptor trcnch could be used at selected site 
boundaries. In southern portion of plume (A-Hill Tank Held) 
conceptual methods include sustained SK. TF a VE pumping. 

NA None 

GC fingerprint chromatograms do not have 
laboratory interpretations, but, the oil 
appears to be a severely weathered fuel oil 
or heavy crude oil with high viscosity. 

Sustained recovay appears not practicle at this time. Other 
wnccptual methods include the use of intermittent skimmii or 
vacuum enhand pumping An interceptor tread could be used at 

Nooe NA Sustained recovery a- not pmticle at this time. Other 
wnceptual methods include the use of intermittent free oil s k i i n g  
and possibly containment 

No 10 - 50 

> 50 

I I I I I I 

No NA 1 7.1 - 36.3  odera rat el^ weathred crude oil or heavy l ~ o n e  I NA Isustained recovery appears not pmticable at this time. Other 

2.0- 8.0 

No 10 - 50 

I I fuel oils. minor gasoline range prcducrs I I lconceptual methods include in&ittent h e  oil SK in large diamem 

26.1 - 603 

Moderately weathered crude oil mixed 
with gasoline range p r w ,  mixture of 
diesel and g a d m e  range products; 
severely weathered fuel #u fuel oil #2. 

16.7 - 77.5 

Severely weathred crude oil. unspecified 
g d i e  range product; mid-range lube oil. 

10 - 50 

Notes: 
Pump test abreviatioas: SK = Skimmer, TF = Total Fluids. VE =Vacuum Enhanced 
NA = Not Available 
If, under "Conccphlal Free Oil Recovery Strategies", the sustained recovery appears not p t i cab le ,  the pumping scenarim considered as other "conceptual" med ia l  methods would have oil m v e r y  rates that are less than the 0.1 gpm cut-off mtaia 

None 

Mid-range lube oil 

I 
NA N A 

I 

None 

11.5 - 397.7 

NA 

Nme 

NA 

Sustained recovery appears not practicable a this time. Other 
conceptual methods include TF or VE p p i n g  h m  vertical wells 
(especially in noxthw portion of flume). 

NA 

Mixtures of lube oil with a "background" 
weathered crude oil. 

Sustained recovery appears not practicable becauser there is no 
discaniblchccoverable free oil. Other conceptual methods include 
in-situ bi-ediatim with long term monitoring, and possible 
interrniaent free oil SK from selected wells. 

NA 

NA 

Sustained recovery appears not practicable at this time. Other 
conceptual methods include use of collection trcnch dong Platiy Kill 
Canal to prevent migration of oil to the Canal. 

Recovery wells exist on-site; 4 wells 
are within the p h e  area 

Nme 

No 

wells (free oil would tend to preferentiaIy flow into these c m h e d  
zone wells). 

Sustained recovery appears not practicable at this time. Other 
conceptual methods include use of interceptorlrrcovery trench on the 
downgradient side of plume. The trcnch would have to consider tidal 
fluclnatioas of waterloil levels. 

NA Sustained free oil recovery is not practicable at this time. No 
discaniblekovcrable free oil. A conceptual method includes in- 
situ biomediation with long tern monitoring. 



Grain Size Analyses Results 

Free Oil Recovery Prolect 
Rayonne. New Jersey 

#200 sieve 
NA = not available wash; 

24.37% 
sand and 
gravel 

Page 1 o f  1 



NJDEP Submittal, Mar-98 (revised March 1999) 

1.0 Summary 

1.1 Introduction 

Parsons Engineering Science, Inc. (Parsons ES) was retained by Exxon Company, USA (Exxon) to 
complete a free oil delineation program and to estabIish the most appropriate remedial design options 
suitable for free oil recovery at Exxon's former Bayonne Oil Terminal located in Bayonne, New Jersey 
(Figure 1-1). As part of the free oil deIineation effort, Parsons prepared a Workplan titled, "Scope of 
Work - Field Investigation for Free Oil Recovery Delineation and Basic Design", which was submitted 
to NJDEP in May 1997. Parsons then implemented the field investigation pursuant to the Workplan 
during the summer of 1997. This report presents the findings and conclusions of the field investigation 
work, including final delineation of the free oil plumes at the site, and recommendations for design 
parameters for basic design of free oil recovery systems at various plume locations. 

As background information, it should be noted that prior to Parsons ES's FORP field investigations, 
Exxon had prepared a Phase IA Remedial Investigation Report (Geraghty & Miller, 1995), pursuant to an 
Administrative Consent Order (ACO) issued by the New Jersey Department of Environmental Protection 
(NJDEP), dated November 27, 1991. Among the other findings presented in the Phase IA report, Exxon 
reported that there were 17 non-aqueous phase liquid (NAPL) plumes located across the site (Figure 1- 
2). Concurrently, an interim remedial measures (IFW) program for free oil recovery in 11 designated 
areas of the site, has been underway since the execution of the ACO (some of the NAPL recovery efforts 
actually predate the ACO). These NAPL lFWs are at various stages of the remedial process ranging 
from characterization and delineation to operation and maintenance. Through an agreement reached 
between NJDEP and Exxon (see letter from NJDEP dated March 29, 1996), it was agreed that Exxon 
would characterize, delineate, and remediate the NAPL site-wide prior to continuing the remedial 
investigation (RI) program. For ease of reference, the program to characterize, delineate, and remediate 
the NAPL site-wide will be referred to as the "Free Oil Recovery Project" (FORP) IFW in this report. 
The focus of the FORP IFW will be to design, construct and operate oil remediation systems in sensitive 
areas and in areas of major accumulations of oil. 

The field investigation phase of the FORP was designed to complete the delineation of the free oil 
plumes through the installation of new temporary wells and permanent wells as needed, within the 
context of the focus of the FORP. As presented to the NJDEP, the FORP Workplan uses a 0.1-foot 
measured free oil apparent thickness as a criteria for defining plume boundaries. In addition, free oil was 
characterized -using GC fingerprinting, VOA and viscosity analyses, and soil profile analyses were 
performed to evaluate suspected source areas. The free oil plumes were delineated using data from the 
new temporary wells, new and existing permanent wells, and from previously installed temporary wells; 
during the delineation, the reliability of certain existing wells (screen location, type, etc.) and related data 
from such wells was verified. Multiple rounds of measuring events were conducted within each plume to 
determine the apparent thickness and to evaluate potential impacts from tides. In addition, free oil 
recovery pump tests (skimmer, total dual fluids, and vacuum enhanced) were conducted within the 
plumes to evaluate the potential for free oil recovery. As presented to the NJDEP, the FORP Workplan 
uses 0.1 gpm as a reasonable lower cut-off criteria for an acceptable oil recovery rate. Lastly, two 
rounds of oillwater measurements were taken over the entire Bayonne facility to verify groundwater flow 
directions. Another round of measurements were taken at the ICI Americas site and this data provided 
supplemental data for the determine of groundwater flow directions. 
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3.0 Groundwater Conditions in Central and Eastern Constable Hook 

This section reviews the existing site hydrogeology, which was mainly established through previous 
investigations, but was confirmed in the borings performed as part of the FORP. Next, this section 
presents information on the distribution of groundwater within the hydrostratigraphic units, and 
groundwater flow directions and hydraulic gradients in the central and eastern parts of Constable Hook, 
which includes the ExxonIIMTT and ICI Americas Bayonne facilities. The field data was collected 
during the FORP field investigation. Areas of the site where the groundwater is influenced by the tides is 
also discussed. These results are compared to the 1994 groundwater map (Geraghty & Miller, 1995). 
The groundwater flow directions are important for the FORP, because they influence how the free oil 
plumes are depicted on the maps. And, most importantly, they establish approximate directions of free 
oil transport with reference to existing recovery systems (i.e., capture zones) and off-site boundaries. 

3.1 Hydrogeologic Units and Groundwater Zones 

Five hydrogeologic units have been identified at the site based on data from Geraghty & Miller (1995), 
Malcolm Pirnie (1 998), and the FORP field investigation. 

On the ExxonIlMTT site, there are three water-bearing units (shallow, intermediate, and deep), which are 
separated by two confining layers (upper and lower). The shallow water bearing unit is the most 
important because the oil was found predominantly in this unit. 

The shallow water bearing unit consists of saturated f i l l  deposits, and these deposits were encountered in 
nearly all of the FORP borings. The hydraulic characteristics of the fill are highly variable depending on 
the type of f i l l .  However, the relatively thin saturated thickness and the variable'lateral extent of more 
permeable f i l l  results in limited groundwater withdrawal capacities. The base of this shallow water- 
bearing unit is most commonly defined by the upper confining unit, which consists of the meadow mat 
and underlying marsh silt and clay unit. The confining layer is nearly continuous, with only a few 
limited areas that allow for hydraulic connection between the saturated fill and the intermediate water 
bearing unit, which consists of a marshlalluvial sand unit that overlies the till. 

The lower confining layer at the site consists of the till unit (Geraghty & Miller, 1995). This dense, 
laterally continuous and thick layer of poorly sorted till effectively isolates the shallow and intermediate 
water-bearing units from the deep water-bearing unit. The deep water-bearing unit consists of an alluvial 
sand unit and,-to a lesser extent, underlying fractured bedrock (Geraghty & Miller, 1995). 

On the ICI site, four main stratigraphic units were identified (Malcolm Pirnie, 1989). These are fill, 
marsh deposits, shallow alluvial deposits, till, and deep alluvial deposits. The fill unit extends across the 
entire ICI site. The marsh deposits (meadow mat) is not continuous at the site. The meadow mat occurs 
in areas that were once part of the low lying marsh that used to surround the topographic high on 
Constable Hook. The shallow alluvial deposits are believed to exist beneath the entire site (based on data 
from two borings) and it consists of a brown to reddish brown, fine to medium grained sand with various 
percentages of silt and gravel. The till unit is a dense, reddish brown deposit that consists of poorly 
sorted fine to medium grained sand with silt, clay and gravel. At two locations, a deep alluvial deposit 
was encountered below the till. It consisted of a well sorted reddish brown fine to medium grained sand. 

3.2 FORP Site-Wide Groundwater Survey 

A site-wide groundwater survey was performed to establish groundwater flow directions. Depth to water 
measurements were taken during two measuring events, one at the ExxonIIMTT site, which includes the 
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majority of the wells, and the other at the ICI site. At the ExxonIIMTT site, water levels were measured 
in monitoring wells screened in the shallow unconfined water bearing zone, and in confined zone wells at 
the Platty Kill Canal Area, during both low and high tides on September 10, 1997. At the ICI site, which 
is not tidally influenced, water levels were measured in the unconfined water bearing zone on November 
6 ,  1998, however, in five ICI wells the data was collected on November I lfh. Note that access to the ICI 
site was not permitted during the 1997 FORP field Investigation. Therefore, while the majority of the 
elevations are based on data collected on one day, the map is actually a composite of two data sets, and 
represents "pseudo-synoptic" ground water conditions in central and eastern Constable Hook. 

In total, 182 shallow unconfined zone wells and 8 confined zone wells were measured during each of the 
tidal events at the ExxonAMTT site, and 44 unconfined zone wells were measured at the ICI site. 
Groundwater elevations were established based on the depth to water data from the top of the PVC or 
steel casing at each well, and these elevations were corrected if free oil was present in the wells. The 
elevations in the wells were corrected using the following equation: 

Corrected Water Table Elevation = Water Table Elevation + (Specific ~ r a v i t ~ *  x Free Oil Thickness) 

* overage specific gravlriesfor each plume rangedfrom 0.778 to O 974 

The top of well casing elevations were established using the 1929 National Geodetic Vertical Datum 
(NGVD29) during the FORP and during previous investigations at the facility. NJDEP groundwater 
contour map reporting forms were completed for the unconfined groundwater map and for the confined 
zone groundwater map and these forms are included in Appendix B. 

A mid-tide groundwater contour map was developed based on the low and high tide data. The mid-tide 
contours are believed to be more representative of the long-term direction of transport of free oil than the 
separate low and high tide contour maps (Figure 3-1). As a note, the high and low tide groundwater 
contour maps were very similar to the mid-tide map. Thus, the discussion below will focus on the mid- 
tide contour data. 

The following highlights were obtained from the mid-tide groundwater contour map of the unconfined 
groundwater zone: 

In general, the groundwater contour map that was developed based on the FORP field investigation 
data is similar to the map presented in Geraghty & Miller ( 1  995). 

Groundwater generally flows from a high in the northwestern corner of the site (near East 22nd 
Street) to the Upper New York Bay, the Kill Van Kull Waterway, and the Platty Kill Canal. This 
groundwater high is associated with a small regional topographic high that encompasses the middle 
portion of East 22nd Street and an adjoining tank field at an off-site location, IMTT, formerly 
Bayonne Industries, Inc. The presence of the groundwater high in this area is also supported by 
groundwater contours at the adjacent IMTT property (formerly Bayonne Industries facility) in 
November 1995 (ENSR, 1996). 

The most pronounced feature within the overall groundwater flow regime is a groundwater 
ridgeldivide that is associated with the topographic high in the northwestern portion of the site; it 
extends from the A-Hill Tank Field to the western portion of the No. 2 Tank Field. On the north side 
of this divide groundwater flows to the northeast, and on the southern side it flows to the south and 
southwest. At the east end of this elongated mound groundwater flows predominantly to the east into 
the Asphalt and AV Gas Areas. This feature, referred to by Geraghty & Miller (1995) as a 
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"groundwater recharge ridge", is also depicted on the contour map developed by Geraghty & Miller 
( 1995). 

The groundwater flow at the ICI site radiates from a high located in the south-central portion of the 
site, near East 22nd Street. Relative to this high, the ground water flow direction over most of the ICI 
site is predominantly to the north and east (Figure 3-1). A ground water divide extends from the high 
that exists in the south-central portion of the site. This divide runs through the central portion of the 
site and becomes less pronounced in the northern portion of the site, near the New Hook Access 
Road. In the northwestern portion of the site, in the location of the former storage lagoons, the water 
table is noticeably flat. In the western portion of the site, where flow is to the north, the hydraulic 
gradient is approximately 0.019 Wft. In the central portion of the site, in the location of the ground 
water divide, and in the southeastern portion of the site, the gradient is approximately the same 0.009 
Wft. 

Another groundwater high exists within the central portion of the Lube Oil Area. Groundwater flow 
from this elongate, north-south trending mound is predominantly to the west, south, and southeast. 
This groundwater mound is also depicted on Geraghty & Miller's ( I  995) groundwater contour map. 

Groundwater contours in the Low Sulfur Tank Field Area (at Plume 4) exhibit influence from an 
active remediation system. At this location, an active vacuum enhanced, groundwater pumping 
remediation system depressed the groundwater table up to approximately 4 feet and created a cone of 
depression with a diameter between 500 feet and 700 feet. 

In the north-central portion of the site (at Plumes 1 I and 12), the groundwater contours appear to be 
influenced by the Interceptor Trench because they indicate that groundwater flow is toward the 
Trench. Groundwater elevations at the western end of the Trench (near Plume 1 I), and in two wells 
installed in off-site locations north of Plume 12, indicate that the Trench is capturing groundwater on 
both sides. 

Groundwater gradients are generally steeper in the western and northwestern portions of the site 
(0.009 to 0.02) than in the eastern portion of the site (0.001 to 0.006), with the exception of those 
gradients associated with the groundwater depression pumping at the Low Sulfur Tank Field (0.01 to 
0.02). 

The following highlights were obtained from the mid-tide groundwater contour map of the confined 
groundwater zone at the Platty Kill Canal Area (Figure 3-1): 

Groundwater generally flows from the northeast to southwest toward the Platty Kill Canal in the 
confined zone in this area. However, in one well (PKMW12), which is 30 feet from the Platty Kill 
Canal, the mid-tide elevation of the water table was higher than it was in the groundwater zone to the 
east, suggesting that there may be a reversal flow near the Canal. 

The groundwater gradient is approximately 0.002 in the central portion of the Platty Kill Canal Area. 

3.3 Tidal Effects on Groundwater Conditions 

As noted above, water levels were measured in monitoring wells screened in the shallow unconfined 
water bearing zone, and in confined zone wells at the Platty Kill Canal Area, during both low and high 
tides on September 10, 1997. The measurements were made within approximately 1 hour on either side 
of the low and high tides, which occurred at 0837 and 1443 on this day, according to the Coast Guard 
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Tidal Chart "The Battery - September 1997 - Daylight Saving Time, Times and Heights of High and Low 
Waters." 

The following highlights were obtained from the mid-tide groundwater contour map: 

Water level measurements at a surface water gauging station on Platty Kill Canal showed that the 
tidal variation was 3.61 feet. 

With the exception of the four shoreline areas discussed below, and a few miscellaneous locations 
away from shorelines, the groundwater elevations in shallow monitoring wells did not exhibit 
significant fluctuations during the tidal cycle. Tidal variations were also only found in the same four 
shoreline areas by Geraghty & Miller (1995). 

Shallow monitoring wells that exhibited a water level rise of greater than 0.1 foot during the rising 
tidal cycle on September 10, 1997 are located at shoreline areas. The four areas are as follows: 

1. Pier 7 Area - Tidal influences are generally limited to areas within 150 to 200 feet from Upper 
New York Bay. The maximum observed head change from low to high tide was 3.6 feet. 

2. Pier 6 Area - Tidal influences are generally limited to areas within 150 to 200 feet from Upper 
New York Bay. The maximum observed head change from low to high tide was 1.6 feet. 

3. Helipad Area - Tidal influences are generally limited to areas within 150 to 200 feet from Kill 
Van Kull Waterway. The maximum observed head change from low to high tide was 2.94 feet. 

4. Platty Kill Canal Area - Tidal influences in the unconfined groundwater zone are generally limited 
to areas within 100 to 150 feet from the Platty Kill Canal. The maximum observed head change 
from low to high tide was 2.1 feet. In the confined groundwater zone, tidal influences were 
measured up to 400 feet inland from Platty Kill Canal; the maximum observed head change was 
I .09. 

The apparent free oil thicknesses in the wells that were influenced by the tide were generally thicker 
during low tide than during high tide; where appropriate, this should be considered for FORP design. 
Of the 190 wells measured for this program, 31 of the wells exhibited a tidal change of 0.1 feet or 
greater. The largest variation in apparent free oil thickness from low to high tide occurred in a well at 
Pier 6; the.change was 1.55 feet. In the other 30 wells, the magnitude of the change of free oil 
thickness from low to high tide was generally less 0.5 feet. 
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Table 3-1 
Ground Water Elevation Data for E x x o n l l M T T  Site 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 
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Free Oil Recovery Project 
Exxon Company, USA 
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Table 3- l 
G r o ~ ~ n t l  Water Elevation Data for ExxonllMTT Site 
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Table 3-1 
Ground Water Elevation Data for ExxonIlMTT Site 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Note: Horizontal datum NAD83 
Vertical datum NGVD29 
NA -Not Available 
NA* - Data not available. Elevations shown were provided by Malcolm Pirnie (1997); 
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Ground Water Elevation Data for ICI Americas Site 

Page l or 3 

I WELL ID I EASTING I NORTHING 

Free Oi l  Recovery Project 
Exxon C o m p h y ,  USA 
Bayonne,,New Jersey 

TOP OF PVC DEPTH TO DEPTH TO APPARENT SPECIFIC CORRECTED 
CASING (ft) OIL (ft) GROUND WATER OIL GRAVITY GROUND WATER 

(ft) THICKNESS ELEVATION (ft) 

DATE 
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Grouncl Water Elevation Data for ICI Americas Site 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

ELEVATION (ft) 
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Ground  W a t e r  Elevation Da ta  for  ICI Americas Site 

Free Oil Recovery Project 
Exxon Company,  USA 
Bayonne, N e w  Jersey 

ELEVATION (ft) 

Note: Horizontal datum NAD83 
Vertical datum NGVD29 
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4.0 Plume 1 (Pier 7 Area) 

4.1 Introduction 

Plume 1 is located at Pier 7 (Figure 4-1 and Figure 4-2). 

The Pier 7 Area consists of an access road and a series of large pipe racks that generally flank the 
road. Oil transfer pipe lines connect Pier 7 to various tank fields. The southeastern portion of this 
area is occupied by the East Side Treatment Plant. Operations have not changed significantly since 
the 1940s. 

4.2 Field Work 

4.2.1 Free Oil Delineation Tasks 

Three temporary wells were installed at the Pier 7 Area (PR7TMWl through PR7TMW3), as 
specified in the Workplan. NJDEP permits for the installation of these wells are included in 
Appendix C. 

As required by the Workplan, performed 1 soil boring and collected soil samples. Collected 2 
vadose zone soil samples from PR7SB1 (2 less than specified in the Workplan due to the short length 
of the vadose zone at the location). Submitted these samples for analysis of FORP Workplan design 
parameters (% residual oil, % water, porosity, and bulk density). Also, one soil sample was collected 
within the oil zone at the water table for grain size analysis, as specified in the Workplan. 

Measured the apparent thickness of oil in all existing and proposed wells in the Pier 7 Area in 
accordance with the Workplan. In total, there were 19 measuring events. 

Performed free oil characterization on 3 samples, as indicated in the Workplan. The following 
analyses were performed: 1) GC fingerprinting: no samples were proposed because previous data 
exists; 2) VOA: EB62, EB65, and P7MWl; 3) viscosity: EB62, EB65, and P7MWl. 

4.2.2 FORP Design Support Tasks 

As specified in the Workplan, performed 4 baildown tests in the Pier 7 Area (EB62, EB63, EB65 
and P7MWl) (3 less than specified in the Workplan - the free oil thickness in several planned well 
locations was too thin for the test). 

Performed free oil recovery rate testing at 2 wells (PR7MWl and EB65), the same number as 
specified in the Workplan. 

Prior to the test at PR7MWl installed three observation wells at 5, 10, and 50 foot intervals from the 
well (PR7TOWl through 3), as required by the Workplan. Performed free oil skimming test, total 
dual fluids pumping, and vacuum enhanced test at well PR7MWl (2 more tests than specified in the 
Workplan). 

Prior to the test at EB65, installed two observation wells at 5 and 10 foot intervals from the well 
(PR6TOW4 and 5), as required by the Workplan; existing well P7MW2 was used as the 50 foot 
observation well for this test. Performed total dual fluids pumping and vacuum enhanced pumping tests 
at well EB65 (1 more test than specified in the Workplan). 
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4.3 Description of Hydrogeology 

The hydrogeology of the Pier 7 Area is summarized in the following bulleted items: 

The subsurface materials generally consist of fill to depths of approximately 26 feet below the ground 
surface (Raviv, 1995). The fill is generally composed of mostly fine to medium sand with a trace of 
silt and fine gravel. Other components of the fill included slag, wood, concrete and brick fragments. 

Two parallel, concrete, gantry walls exist at Pier 7 and act as retaining walls to support the Pier 
(Raviv, 1995). They extend from the ground surface to a depth of approximately 10 feet. The 
northern gantry wall is supported on piles and overlies a rock-filled wooden crib, and the southern 
gantry wall is supported by wooden piles (Raviv, 1995). 

In the vicinity where the thickest apparent free oil was measured at Plume 1, the subsurface material 
near the water table consisted of fine to medium sand with some silt and gravel. 

Grain size analysis of a soil sample collected near the water table (from 4.0 feet to 5.7 feet) in a 
boring (PR7SBl) that was performed adjacent to PR7MW 1 indicated that the subsurface material 
contained approximately 4% silt and clay, 36% fine sand, and the remaining 60% was composed of 
coarser sand and gravel particles. The results of this analysis is consistent with the soil description 
for the interval near the water table in boring PR7SBl given above. 

An unconfined groundwater zone is present in the fill on-site, and groundwater in the Pier 7 Area is 
generally between 5 feet and 10 feet below the ground surface and it is affected by the tides. 

The groundwater flow direction in the Pier 7 Area is predominantly to the northeast in the western 
portion of the area, and to the north in the eastern portion of the area, based on the mid-tide 
groundwater contour map (Figure 3-1). The hydraulic gradient ranges between 0.02 and 0.006. 

The unconfined groundwater zone is influenced by tidal fluctuations. The tidal influence affected 20 
wells along the gantry walls at Pier 7. The maximum tidal variation in these wells was 3.6 feet. The 
tidal influence extended approximately 150 feet inland. At low tide, the elevation of the groundwater 
is below the bottom of the gantry wall (Raviv, 1995). 

4.4 Free Oil Delineation Results 

4.4.1 Apparent Free Oil Thickness 

Plume 1 is defined to 0.1-foot apparent thickness contour, as required by the FORP Workplan 
(Figure 4-1). A total of 33 wells were used for the delineation. The horizontal extent of the plume 
has been confirmed, and no further delineation of the free oil is required. 

Plume 1 is an elongated and somewhat irregular plume that extends along the entire length of the 
access road to Pier 7, parallel to the east-west trending gantry walls (Figure 4-1). The irregularities 
in the plume shape are likely due to the presence of the gantry walls (which have the potential to trap 
oil) and the complex nature of the fill and Pier 7 subsurface supports at the site. The maximum free 
oil thickness (4.3 1 feet) was measured in P7MWl (Figure 4-1). 

The thickness of the free oil in the wells at Plume 1 is greater at low tide than at high tide, based on 
tidal measurements made during a tidal cycle (Appendix C). 

Page 4-2 



NJDEP Submittal, Mar-98 

4.4.2 True Free Oil Thickness 

The true free oil thickness at Plume 1 is comprised of four areas of free oil that are greater than 0.1 
feet (Figure 4-2 ). The maximum true free oil thickness (1.08 feet) was at P7MW I. 

A conservative exaggeration ratio of 4, per EPA guidance, was used to derive the true thickness at 
Plume 1. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume I was derived using results from subsurface soil 

descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and 4 baildown tests 

completed at the Pier 7 Area (Table 4-1). The subsurface material near the water table consisted of fine to medium sand 

with some silt and gravel. These descriptions correspond to a soil type of "sandy loam" using the soil types given on the 
exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of apparent to true free oil thickness for a 

soil of this type has a range of between approximately 2 and 4. The exaggeration ratios from 4 baildown tests ranged from 

10.62 to 23.00 and the average exaggeration ratio was calculated to be 14.96. The ratios from the baildown tests are greater 

than the range reported in the EPA guidance for the soil types present. A combination of slow free oil recovery and a 

fluctuating water table due to the tides made it difficult to obtain good (i.e., typical) data for the tests. Thus, the 

interpretation of the exaggeration ratios was difficult, therefore, a conservative ratio based primarily on soil type was applied. 
An exaggeration ratio of 4, per EPA guidance, was used to derive the true thickness at Plume 1. The apparent free oil 

thickness and true free oil thickness data and graphs for the baildown tests at this plume are contained in Appendix C. 

4.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 1 are 
included on Table 4-2. The free oil characterizations are mostly from previous studies performed at the 
Pier 7 area. 

Free oil from five samples from wells within Plume 1 (EB52, EB58, EB60R, EB62, and EB69) are 
dominated by variously weathered diesel range product(s) (e.g., diesel fuel or fuel oil #2) (Table 4- 
2). 

A sample collected from the eastern portion of Plume 6 (GTFTMW15) was characterized as 
predominantly gasoline- and kerosene-range compounds (e.g., weathered automotive gasoline, Jet A, 
or kerosene), which is notably different from the samples collected from the body of Plume 1. These 
differences argue against a common source of the free oil in the western portion of Plume 6 with the 
oil in the other wells considered to be within Plume 1. 

The specific gravity of the free oil collected from nine wells (all from Raviv, 1995) ranged between 
0.830 and 0.991 (Table 4-2). 

Analyses of soil samples collected along a vertical profile in a soil boring approximately 5 feet from 
well PR7MW1 showed that the percent of oil and grease in the vadose zone decreased with depth 
(Table 4-3). This profile suggests that oil may have been released at this location in the past. The 
laboratory data for percent oil is contained in Appendix C. 

4.6 Potential Sources of Free Oil 

Areas of potential sources of free oil at the Pier 7 Area include above ground storage tanks, oillwater 
separators, drum storage areas, sumps, the East Side Treatment Plant, loading and unloading areas, and 
storm sewers. 
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The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the Pier 7 Area: 

There is only one documented release that occurred within the footprint of the current apparent 
thickness plume. The release was of 100 gallons of blend oil in 1991 (Geraghty & Miller, 1994). 

An oillwater separator was located within the east-central portion of Plume 1. The separator was 
approximately 180 feet long. Based on its physical association, it is a potential source of oil found in 
the plume 

4.7 Free Oil Pump Testing Results 

Free oil pump tests were performed at wells P7MWl and EB65, which are located immediately north 
and south, respectively, of the southern gantry wall (Table 4-4). Both of these wells were within the area 
of tidal influence based on the two rounds of low and high tide water level measurements. Also, 
information on skimming and dual fluids free oil recovery rates for well P7MW1 was also obtained from 
tests previously performed by Raviv (1995). The detailed FORP results are contained in Appendix C. 

At well P7MW1, the average, sustained free oil recovery rate for the skimmer test was 0.1 gprn 
(Raviv, 1995) (Table 4-4). For the dual fluids test, the recoveries were not consistent. During the 
FORP testing, the recovery rate for the dual fluids testing was 0.025 gpm. Previously, dual fluids 
testing by Raviv (1 995) indicated that the rate was between 0.0 gprn and 0.1 gpm, although the 
higher rates was observed only over a short duration. The free oil recovery rate for the FORP 
vacuum enhanced testing was only 0.009 gpm. During the FORP dual fluids pump test, the radius of 
groundwater influence was difficult to determine because of the tidal fluctuations. 

At well EB65, the maximum, sustained free oil recovery rate was 0.25 gpm, which was achieved 
during the vacuum enhanced testing. The recovery rate for the dual fluids testing at this well was 
significantly less, between 0.008 gprn (Table 4-4). The radius of groundwater influence was less 
than 5 feet for this test; the groundwater pumping rate was 0.3 gpm. 

4.8 Description of Existing Free Oil Recovery System 

There is an existing oillgroundwater recovery system at the east end of Plume 1, which consists of 
horizontal collection drains connected to a pumping well (Sheri 3) and an individual pumping well 
(EBRI 1). The Sheri 3 system consists of series of perforated PVC horizontal drains connected to a 
well (Sheri 3) from which the oillgroundwater is pumped. One drain extends 180 feet south and lies 7 
feet below the ground surface. A second drain extends 360 feet west and lies 5 feet to 10 feet below 
the ground surface. Four shorter drains are located immediately north of Sheri 3. Fluids are pumped 
fiom Sheri 3 by a float switch activated pump, and fluids are discharged to the East Side Treatment 
Plant or Tank 8553. In July, 1995, the total flow rate from Sheri 3 was 40 gpm. According to Raviv 
(1995), the existing drains were pressure jetted in 1995 to remove accumulated material, because they 
were plugged. In the second quarter of 1997, the average total fluids pumping rate was 9.2 gprn at 
well Sheri 3 (Raviv, 1997). 

At recovery well EBR11 (at east end of Plume l), total fluids are pumped from the well to the East 
Side Treatment Plant or Tank 8553. The pump is manually controlled and operated approximately 4 
hours per day, 5 days per week. The flow rate during pumping is less than 5 gpm. The volume of 
total fluids pumped from EBRl 1 is not know because there is no flow meter on the discharge line of 
this well (Raviv, 1997). 
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Additionally, Exxon monitors free oil thickness and recovers oil (and water) with a vacuum truck 
from 12 on-site wells one time per week. The wells, with the amount of oil pumped in gallons per 
vacuum event shown parenthetically, are as follows: EB51 (0.01), EB52 ( 0.02), EB56 (0.32 ), EB58 
(0.61), EB59 (0.1 l), EB62 (0.46), EB65 (1.01), EB66R (0.05), EB67 (0.92), EB69 (0.1 I), P7MW1 
(3.95) , and P7MW2 (0.05). These wells were vacuumed two times a week, but this frequency was 
reduced to once per week because of slow oil recovery. 

4.9 Conceptual Strategies for Free Oil Recovery Design 

The pumping test results performed during the FORP and by Raviv (1995) indicate that the sustained 
oil recoveries of between 0.03 gpm and 0.1 gpm were achieved in the well that was between the 
northern and southern gantry walls; these rates were obtained during the skimming, total dual fluids 
and vacuum enhanced pumping tests. South of the southern gantry wall, a sustained maximum oil 
recovery of 0.25 gpm was achieved using vacuum enhanced testing. While these recovery rates are 
variable, they indicate that rates equal to or greater than the 0.1 gpm recovery rate (which was defined 
as reasonable for the FORP) are achievable. Thus, a potential oil recovery methods in the eastern 
globular areas are skimming, total fluids, or vacuum enhanced pumping. 

On a conceptual basis, the existing free oil recovery system in the western portion of the Pier 7 Area, 
which consists of two pumping wells (Sheri 3 well and EBRl1) and a series of drains, can be 
upgraded so that the system captures oil in the western globular areas of the plume. The upgrade 
would include installing additional perforated drains lines to collect the free oil on both sides of the 
southern gantry wall in the central and eastern portions of the site. Because of the tidal fluctuations in 
the area of Pier 7, multi-level collection pipes may be used. The discharge from this system would be 
piped to the nearby East Side Treatment Plant or Tank . 

The following additional information should be considered for the design of a free oil recovery 
system: 1) The two Gantrylbulkhead walls run the length of the pier, and extend to a depth equal to 
mean-sea-level; 2) The construction materials (pilings, crib-work, fill material, etc.) are largely 
unknown along Pier 7; 3) In addition to the sewer line on-site, fire and water lines, an old railroad 
spur, and probably unknown lines, are buried between the gantry walls; 4) The access road to Pier 7 is 
flanked by above ground piping ; 5) The access road to the pier is often very busy; and 6) An old 
oillwater separator was known to be buried between the existing separator and the pipe rack south of 
the road. 
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Table 4-2 

Free Oil Analysis Information for Plume 1 

Free Oil Recovery Project 

Exxon Company, USA 

Bayonne, New Jersey 

Well I.D. 

EB52 

EB58 

EB59 

EB60R 

EB62 

EB65 

EB66R 

EB67 

EB69 

EBRlO 

SHER13 

P7MW I 

C C  Fingerprint Summary 
Description 

Severly degraded diesel 
(Raviv, 1995) 

Minimally degraded diesel 
(Raviv, 1995) 

N A 

Minimally degraded gasoline 
with trace diesel 
(Raviv, 1995) 

Diesel 
(Raviv, 1995) 

N A 

N A 

N A 

Very degraded diesel 
(Raviv, 1995) 

N A 

N A 

N A 

GRO 
("/.) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

DRO 

PA) 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

RRO 

(''1 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

Total VOC's 

(ppm) 

NA 

N A 

N A 

N A 

387.58 

50.980 

N A 

N A 

N A 

N A 

N A 

2,605 

Total BTEX 

(ppm) 

N A 

N A 

N A 

N A 

0.68 

1 1,700 

N A 

N A 

N A 

N A 

N A 

464 

Viscosity 
( 4  

N A 

10.5 

N A 

N A 

57.0 

2.7 

32.5 

9.2 

N A 

1204.7 

N A 

7.1 

Specific Gravity 

N A 

0.890 

0.862 

N A 

0.991 

N A 

0.830 

0.860 

0.990 

0.960 

0.936 

0.900 



Table 4-3 

Soil Profile Data for Plume 1 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Sample No. I Depth (feet) I Oil & Grease (%) I Moisture (%) 1 Porosity 

Note: 

(1) The depth to water in PR7SBI was approximately 6 feet below the ground surface. 



Table 4-4 

Pumping Test Results for Plume I 

Free Oi l  Recovery Project 

Exxon Company, USA 
Bayonne. New Jersey 

Well ID 

P7MW1 

EB65 

NAPL Sk~mmer Tests 
Date 

Total (dual) Flulds Pumping Tests 

11/6/94 DRI 0 100 

No Test 

S 
o 
u 
r 
c 
e 

Date 
Vacuum Enhanced Total (dual) Flulds Pumping Tests 

Date 

6/23/97 P 160 0 025 NA 1 1  3 9  0282 
11/15/94 DRI 359 NA NA 0 9 NA 0220 
11/18/94 DRI 510 NA NA 0 4  NA NA 

6/25/97 P 298 0 008 < 5 0 3 4 3 0 070 

S 
o 
u 
r 
c 
e 

Duratton 
(mln ) 

Stablllzed 
Rate of 011 
Recovery 

(QPm) 

6/24/97 P 144 0009 > I 0  <50 3 9  3 5  50 

6/26/97 P 81 0250 > l o  <50 0 12 0 6 50 

S 
o 
u 
r 
c 
e 

Duratlon 
(mln ) 

Duratton 
(mln ) 

Stablllzed 
Rate of 011 
Recovery 

( Q P ~ )  

Steblllzed 
Rate of 011 
Recovery 

(QPm) 

Radlus of 
Influence - gw 

(feet) 

Radlus of 
Influence - vac 

(feet) 

Ground 
Water 

Pump~ng 
Rate 
(gpm) 

Q 

Ground 
Water 

Pump~ng 
Rate 
( Q P ~ )  

Sustained 
Ground 
Water 

Drawdown 
(feet) 

s 

Speclflc 
Capac~ty 
(gpmlft of 
drawdown 

~n well) 

Q/s 

Susta~ned 
Ground 
Water 

Drawdown 
(feet) 

Applted 
Vacuum 

( ~ n  of H,O) 
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5.0 Plumes 2 and 3 (Pier 6 Area) 

5.1 Introduction 

Plumes 2 and 3 are located in the Pier 6 Area (Figure 5-1 and Figure 5-2). 

The Pier 6 Area consists of an access road and a large pipe rack that extends from Pier 6 and then 
bends north toward Pier 7. Oil transfer pipe lines connect Pier 6 to various tank fields. The northern 
portion of this area is occupied by the East Side Treatment Plant. Operations have not changed 
significantly since the 1940s. 

5.2 Field Work 

5.2.1 Free Oil Delineation Tasks 

Five temporary wells were installed at the Pier 6 Area (PR6TMWl through PR6TMW5) (1 more 
than specified in the Workplan). NJDEP permits for the installation of these wells are included in 
Appendix D. 

As required by the Workplan, installed two permanent wells at Pier 6 (PR6MWl and PR6MW2) to 
replace wells EBR16 and EB73, respectively. 

As required by the Workplan, performed 2 soil borings (PR6SB1 and PR6SB2) and collected soil 
samples. Collected 3 vadose zone soil samples from each boring for a total of 6 samples (2 less than 
specified in the Workplan due to the short length of the vadose zone at each location). Submitted 
these samples for analysis of FORP Workplan design parameters (% residual oil, % water, porosity, 
and bulk density). At each boring, one soil sample was collected within the oil zone at the water 
table for grain size analysis, as specified in the Workplan. 

Measured the apparent thickness of oil in all existing and proposed wells in the Pier 6 Area in 
accordance with the Workplan. In total, 12 measuring events were taken at Plume 2 and 13 events 
were taken at Plume 3. 

Performed free oil characterization on 4 samples, as indicated in the Workplan. The following 
analyses were performed: I )  GC fingerprinting: EBR12, EB74, PR6MW2, and PR6TMW4; 2) 
VOA: EBR12, EB74, PR6MW2, and PR6TMW4 ; 3) viscosity: EBR12 and PR6MW2. 

5.2.2 FORP Design Support Tasks 

Performed 4 baildown tests in the Pier 6 Area (EBR12, EB72, PR6TMW4 and PR6MW2), the same 
number indicated in the Workplan. 

Performed free oil recovery rate testing at 2 wells (EBR12 and PR6MW2), the same number as 
specified in the Workplan. 

Prior to the test at EBR12 installed three observation wells at 5, 10, and 50 foot intervals from the 
well (PR6TOW1 through 3), as required by the Workplan. Performed total dual fluids pumping and 
vacuum enhanced tests at well EBR12 (1 more test than specified in the Workplan). 

Page 5-1 
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Prior to the test at PR6MW2, installed three observation wells at 5, 10 and 50 foot intervals from the 
well (PR6TOW4 through 6), as required by the Workplan. Performed total dual fluids pumping and 
vacuum enhanced pumping tests at well PR6MW2 (1 more test than specified in the Workplan). 

5.3 Description of Hydrogeology 

The hydrogeology of the Pier 6 Area is summarized in the following bulleted items: 

The subsurface materials generally consist of fill to depths of approximately 45 feet below the ground 
surface according to Raviv (1 995). Soil descriptions from the deepest boring performed during the 
FORP (well PR6MW2) indicated that the fill extended to at least 21 feet; the base of fill was not 
encountered in any of the FORP borings. The fill is generally composed of fine to medium sand and 
cinders, slag and coal material. In the northern portion of the Pier 6 Area, there was a thin (0.5-foot 
thick) surficial silt layer. 

In the vicinity of where the thickest apparent free oil was measured at Plume 2, the subsurface 
material near the water table consisted of fine to coarse sand with cinders, slag and coal fragments 
with trace silt. 

At Plume 2, grain size analysis of a soil sample collected near the water table (from 6.0 feet to 6.5 
feet) in a boring (PR6SBl) that was performed adjacent to EBR12 indicated that the subsurface 
material contained approximately 4% silt and clay, 26% fine sand, and the remaining 70% was 
composed of coarser sand and gravel particles. This analysis is consistent with the soil description for 
the interval near the water table given above 

At Plume 3, the grain size analysis from boring PR6SB2 (from 10 feet to 10.6 feet) indicated that the 
subsurface material contained approximately 10% silt and clay, 23% fine sand, and the remaining 
67% was composed of coarser sand and gravel particles. This analysis is consistent with the soil 
description for the interval near the water table given above. 

An unconfined groundwater zone is present in the fill on-site, and groundwater in the Pier 6 Area is 
generally between 5 feet and 10 feet below the ground surface and it is affected by the tides. 

The groundwater flow direction in the Pier 6 Area is predominantly to the east based on the mid-tide 
groundwater contour map (Figure 3-1). The hydraulic gradient is 0.002. 

The unconfined groundwater zone is influenced by tidal fluctuations based on an analysis of depths to 
water taken in monitoring wells at low and high tides. The tidal influence affected 7 wells that were 
parallel to the shoreline at Pier 6. The maximum tidal variation in these wells was 1.60 feet. The 
tidal influence extended approximately 5 feet inland; at 100 feet inland (at well EB72) the tidal 
fluctuation was small (0.07 feet). 

Page 5-2 
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5.4 Free Oil Delineation Results 

5.4.1 Plume 2 

Apparent Free Oil Thickness 

Plume 2 is defined to 0.1-foot apparent thickness contour on the Exxon facility, as required by the 
FORP Workplan (Figure 5-1). A total of 11 wells were used for the delineation. The horizontal 
extent of Plume 2 has been confirmed, and no further delineation is required. 

Plume 2 is an elongate plume that occurs approximately 100 feet north of Pier 6. The maximum 
apparent free oil thickness (0.49 feet) was measured in EBR12 in the eastern portion of the plume 
(Figure 5-1). 

True Free Oil Thickness 

The true free oil thicknesses plume at Plume 2 is circular (Figure 5-2 ). The maximum true free oil 
thickness was 0.14 feet at EBR12. 

An exaggeration ratio of 3.5 was used for Plume 2. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 2 was derived using results from subsurface soil 

descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1 996), and 1 baildown test 

completed at Plume 2 (Table 5-1). The subsurface material near the water table consisted of fine to coarse sand with cinders, 

slag and coal fragments with trace silt. These descriptions correspond to a soil type of between sand and sandy loam using 

the soil types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1 996), the ratio of apparent to 
true free oil thickness for soil of these types has a range of between approximately 2 and 3.5. In addition, the exaggeration 

ratio from 1 baildown test indicated an exaggeration ratio of 9.41. The ratio from the baildown test is greater than the range 

reported in the EPA guidance for the soil types present. A combination of slow free oil recovery and a fluctuating water 
table due to the tides made it difficult to obtain good (i.e., typical) data for the tests. Thus, the interpretation of the 

exaggeration ratios were difficult and we did not rely heavily on the ratios derived for the baildown testing at Pier 6. 
Therefore, given the available data, an exaggeration ratio of 3.5 was used for Plume 2. The apparent free oil thickness and 

true free oil thickness data and graphs for the baildown tests at this plume are contained in Appendix D. 

5.4.2 Plume 3 

Apparent Free Oil Thickness 

Plume 3 is defined to 0.1-foot apparent thickness contour on the Exxon facility, as required by the 
FORP Workplan (Figure 5-1). A total of 13 wells were used for the delineation. The horizontal 
extent of the Plume 3 has been confirmed, and no further delineation is required. 

Plume 3 is an irregularly shaped plume that exists immediately south of Pier 6. The maximum 
apparent free oil thickness was 2.1 1 feet at PR6TMW4 (Figure 5-1). 

True Free Oil Thickness 

Plume 3, based on its true free oil thickness, is elongate (Figure 5-2 ). The maximum true free oil 
thickness was 0.60 feet at PR6TMW4. 

An exaggeration ratio of 3.5 was used for Plume 3. 
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Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 3 was derived using results from subsurface soil 

descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and 3 baildown tests 
completed at the Pier 6 Area (Table 5-1). The subsurface material near the water table consisted of fine to coarse sand with 

cinders, slag and coal fragments with trace silt. These descriptions correspond to a soil type of between sand and sandy loam 

using the soil types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of 

apparent to true free oil thickness for soil of these types has a range of between approximately 2 and 3.5. In addition, the 

exaggeration ratio from 3 baildown tests ranged between 5.80 and 7.81, and the average exaggeration ratio was 6.76. The 
ratios from the baildown tests are greater than the range reported in the EPA guidance for the soil types present. A 

combination of slow free oil recovery and a fluctuating water table due to the tides made it difficult to obtain good (i.e., 

typical) data for the tests. Thus, the interpretation of the exaggeration ratios were difficult and , therefore, a conservative 

exaggeration ratio based primarily on soil types was applied. Therefore, given the available data, an exaggeration ratio of 
3.5 was used for Plume 3. The apparent free oil thickness and true free oil thickness data and graphs for the baildown tests at 
this plume are contained in Appendix E. 

5.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plumes 2 and 3 
are included on Table 5-2. This table includes free oil characterizations from previous studies performed 
at the Pier 7 area. 

The oil samples from Plume 2 and 3 are generally characterized by the same material. 

Four samples from the Pier 6 Area (EBR12, EB74, EBRl8, and PR6MW2) are all characterized as a 
severely weathered automotive gasoline or moderately weathered kerosene, Jet A, JP-1 or JP-5. This 
is consistent with two samples from EBR12 and EBRl8 that were previously fingerprinted by Raviv 
(1 995) (Table 5-2). 

A sample collected from the southern portion of Plume 3 (PR6TMW4) was clearly distinct from the 
other samples in the Pier 6 Area. This sample was shown to contain a middle to heavy distillate fuel 
(fuel oil #6) and/or crude oil. This marked difference argues against this sample of oil being related 
to the gasoline to kerosene range oil in other portions of Plume 3 and in Plume 2. 

The specific gravity of the free oil collected from six wells (all from Raviv, 1995) ranged between 
0.85 1 and 0.940 (Table 5-2). 

Analyses were performed on soil samples collected along a vertical profile in soil borings PR6SB1 
and PR6SB2 , which were drilled approximately 5 feet from wells EBR12 and EBRI 8, respectively. 
At PR6SB1, the results showed that the percent of oil and grease in the vadose zone increases with 
depth (Table 5-3). The oil and grease data from PR6SB2 show no trend. The laboratory data for 
percent oil is contained in Appendices D and E. 

5.6 Potential Sources of Free Oil 

Areas of potential sources of free oil at the Pier 6 Area include oillwater separators, drum storage areas, 
sumps, the East Side Treatment Plant, loading and unloading areas, and storm sewers. 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the Pier 6 Area: 

There are no documented spills of oil within the footprints of Plumes 2 and 3 at the Pier 6 Area. 

SPLM-23 .DOC Page 5-4 
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t Two former process areas may have contributed oil to Plumes 2 and 3. A cooperage and light oil 
filling building existed from 191 8 to 1963 in the northwestern (upgradient) portion of Plume 3; this 
area was also a former drum storage area. A barrel staging area existed from 192 1 to 1963 in a 
location that was immediately south of Plume 2. Thus, based on these geographic associations alone, 
these process areas, with their associated pipelines, may be potential sources of oil for these plumes. 

No sewer lines pass near Plume 3, and thus releases from sewers are not a potential source for Plume 
3. 

5.7 Free Oil Pump Testing Results 

As part of the FORP, free oil pump tests were performed at wells EBR12 and PR6MW2, which are 
located in Plumes 2 and 3, respectively (Table 5-4). EBR12 was within the area of tidal influence based 
on the two rounds of low and high tide water level measurements; well PR6MW2 was not. Also, 
information on skimming and dual fluids free oil recovery rates for wells EBR12, EBRl8, and EB73 (a 
former well) was also obtained from tests previously performed by Raviv (1995). The detailed FORP 
results are contained in Appendix D and E. 

At well EBR12 (Plume 2), the best oil recovery rate (0.069 gpm) was obtained using skimming, 
however, it is questionable if this rate was sustainable (Raviv, 1995). The dual fluids pumping test 
results by Raviv (1995) showed that the free oil recovery was better using a low groundwater 
pumping rate (about 5 gpm), compared to the oil recovery rates (i.e., sheens) obtained using 
groundwater pumping rates of 10 gpm and higher. The higher groundwater pumping rates result in 
more drawdown and have the potential to "strand" the oil in the formation and, therefore, not 
enhance the flow of oil into the well. As noted for the skimming test above, the dual fluids testing 
results showed the best oil recovery rate (i.e., sheen) was not sustainable. During the FORP dual 
fluids pump test, the radius of groundwater influence was difficult to determine because of the tidal 
fluctuations, however, when tidal fluctuations are taken into account, the radius is greater than 50 
feet using a groundwater pumping rate of 30 gpm. At a pumping rate of 10 gpm the radius of 
groundwater influence was uncertain. 

At well PR6MW2 (Plume 3), the sustained free oil recovery rate was 0.032 gpm for the dual fluids 
pumping test and it was 0.024 gpm for the vacuum enhanced testing (Table 5-4). During the dual 
fluids testing the highest oil recovery rate was achieved using a groundwater pumping rate of 10 
gpm; the radius of groundwater influence for these pumping rates was less than 40 feet. 

At well EBRl8 (Plume 3), no sustained oil recovery could be achieved (Raviv, 1995). 

At former well EB73 (in the western part of Plume 3), the oil recovery rate was 0.004 gpm using oil 
skimming (Raviv, 1995). 

5.8 Description of Existing Free Oil Recovery System 

An existing, but currently non-functioning, free oil recovery system is located in the Pier 6 Area. It is 
believed to have been installed in the 1970s (Raviv, 1995). The system consists of eight recovery 
wells (EBR12 through EBRl5, EBRl8, EBR19, EBR2 1 and EBR23) and a network of discharge 
pipes and pumps. In 1992, the discharge lines were modified and connected by a 4-inch PVC pipe to 
the East Side Treatment Plant. Electricity and pumps area located at many of the wells. 

Page 5-5 
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$ 

; 5.9 Conceptual Strategies for Free Oil Recovery 

At Plume 2, sustained oil recovery is not practicable at this time, based on the 0.1 gprn oil recovery 
rate criterion. The pumping test results performed during the FORP and by Raviv (1 995) indicate that 
the best oil recovery was obtained using skimming (0.069 gpm) and, next was dual fluids pumping 
(0.025 gpm)with a low groundwater pumping rate (about 5 gprn). The recovery for the skimming 
test was slightly lower than the 0.1 gprn fiee oil recovery rate established as the benchmark in the 
FORP Workplan (Parsons, 1997). Therefore, even though yields < 0.1 gprn are anticipated, 
conceptual remedial methods evaluated for free oil recovery will include sustained free oil skimming. 

At Plume 3, sustained oil recovery is not practicable at this time, based on the 0.1 gprn oil recovery 
rate criterion. The fiee oil recovery rates were higher (in some areas of the Plume 3) compared to 
those obtained in Plume 2. The highest sustained free oil recovery rate ranged between 0.032 gprn 
and 0.024 gpm, which was achieved during the dual fluids pumping test and the vacuum enhanced 
testing, respectively. During the dual fluids testing, the highest oil recovery rate was achieved using 
groundwater pumping rates of 10 gpm; the radius of groundwater influence for these pumping rates 
was less than 40 feet. Skimming and dual fluids pumping tests in the northern portion of the plume 
did not yield any sustained oil recovery. Therefore, even though yields < 0.1 gprn are anticipated, 
conceptual remedial methods to be evaluated for fiee oil recovery include free oil pumping using 
total dual fluids pumping and vacuum enhanced dual fluids pumping fiom vertical recovery wells. 

Another conceptual design at Plumes 2 and 3 would be to use a recovery trench. The trench design 
would have to consider tidal fluctuations. This alternative would potentially recover oil without the 
need for the relatively high groundwater pumping rates that would likely be used for recovery from 
individual wells (as noted above). 

At Plumes 2 and 3 the following additional information should be considered for the design of a free 
oil recovery system: 1) Access to the Pier 6 Area, and construction activity in the area, may be 
difficult because of ships that often unload products; 2) There are probable buried power lines and 
buried sewer lines in the area; 3) There may be undermining and voids present at locations behind 
parts of the bulkhead; 4) Pipelines related to the old barrel filling area have been abandoned in the 
area; these lines may extend to the bulkhead. 



Table 5-1 

Baildown Testing Results for Plumes 2 and 3 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Test Date Apparent 
Oil 

Thickness 
in Well 
(feet) 

Plume 2 - Pier 6 
6/16/97 1 ~ ~ ~ 1 2  

Thickness in Ratio 
Formation 

Well ID 

P 

(feet) 

Data 
Source: P 
Parsons R. 

Raviv 

Comments 

Tidal I 
Exaggeration Ratio 

3.5 Applied Exaggeration Ratio I 

6.76 Average Exaggeration Ratio 

1 3.5 Amlied Exaggeration Ratio I 

P 
P 
P 

Plume 3 - Pier 6 
Tidal 

Tidal 

2.11 
0.80 
0.73 

6/23/97 
711 8/97 
6/16/97 

PR6TMW4 
PR6MW2 
EB72 

0.27 
0.12 
0.13 

7.81 
6.67 
5.80 



Table 5-2 

Free oil Analysis Information for Plumes 2 and 3 

Free Oil Recovery Project 

Exxon Company, USA 

Bayonne, New Jersey 

Well I.D. 

EBRl2 
(Plume 2) 

EB72 
(Plume 3) 

EB73 
(Plume 3) 

EB74 
(Plume 3) 

EBRI 8 
(Plume 3) 

PR6MW2 
(Plume 3) 

PR6TMW4 
(Plume 3) 

- 

GC Fingerprint Summary 
Description 

Severely weathered, 
automotive gasoline or 
moderately weathered 

kerosene, Jet A, JP-I, JP-5. 
(consistent with very 

degraded gasoline 
characterization of Raviv, 

1995) 

N A  

N A  

Severely weathered, 
automotive gasoline or 
moderately weathered 

kerosene, Jet A, JP-I, JP-5 ----- 
Very degraded gasoline 

(Raviv, 1995) 

Severely weathered, 
automotive gasoline or 
moderately weathered 

kerosene, Jet A, JP-1, JP-5 

Moderately weathered 
middle to heavy distillate 

(e.g., fuel oil #6) or crude oil 

GRO 
("/.I 

16 

N A  

N A  

15 

N A  

17 

3 

RRO 

8 

NA 

N A  

8 

N A  

15 

33 

DRO 
(%) 

76 

NA 

N A  

78 

NA 

68 

64 

Total VOC's 
(ugfl<g) 

2,996,000 

N A  

N A 

30,762,000 

N A  

18,411,500 

10,121,000 

Total BTEX 
(uglKg) 

124,000 

N A  

N A  

102,000 

N A  

45,500 

155,000 

Viscosity 
(cs) 

10.3 

N A  

N  A  

N  A  

3.81247.5 

3.9 

N A  

Specific 
Gravity 

0.865 

0.85 1 

0.940 

N A  

0.85 110.852 

N A  

N  A  



Table 5-3 

Soil Profile Data for Plumes 2 and 3 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

(1) NA = Not Available 

(2) The depth to water in PR6SBl (plume 2) was approximately 8 feet below the ground surface. 

(3) The depth to water in PR6SB2 (plume 3) was approximately 7.5 feet below the ground surface. 

Sample No. 

- 
PR6SB 1-2 

Depth (feet) 

2.0 - 3.1 
PR6 SB 1-4 4.0 - 5.0 0.26 
PR6SB 1-6 6.0 - 6.5 4.30 

Oil & Grease (%) 

0.16 - 
12.16 
22.92 

0.5 1 
0.46 

Moisture (%) 

17.93 

Porosity 

0.46 

PR6SB2-2 

PR6SB2-4 
PR6SB2-6 
PR6SB2- 10 

9.92 
5.04 
NA 

1 1.36 

2.0 - 3.5 

4.0 - 5.2 
6.0 - 7.3 

10.0 - 10.6 

0.32 
0.37 
N/A 
0.24 A 

cO.0 1 % 

0.02 
0.0 1 
NA 



Table 5-4 

Pump Testing Results for Plumes 2 and 3 

Free Oil Recovery Project 

Exxon Company. USA 
Bayonne. New Jersey 

I ~20195 D R  272 0 . 9  6 0 7  P 128 Sheen NA 10.0 0.6 17.857 7/2/97 P 338 Sheen s10 s50 48 6.4 
7/1/97 P 89 Sheen >50 30.0 3.8 8.333 
7/1/97 P 166 Sheen >50 48.0 5.8 7.931 

6/21/95 DRI 1471 0.025 NA 4.5 NA NA 

Well ID 

c 
e 

PRBMW-2 No Test I (plume 3) 1 
lEBRl8 1 6/23/95 DRI 4384 0.000 1 6/26/95 DRI 1349 0.000 NA 3.2 NA NA /NO Test I 

Total (dual) Flulds Pumplng Tests NAPL Sklmmer Tests 

c 
e 

6/28/95 DRI NA 0.004 NO Test I 

Date Dale 
Vacuum Enhanced Total (dual) Flulds Pumping Tesb 

NO Test 

(gpm) 

Q 

S 
o 
u 
r 

S 
o 
U 

r 

Date S 
o 
u 
r 

n (feet) 

s 

Duration 
(min.) 

Duralion 
(min.) 

Duration 
(min.) 

Slabilized 
Rate of Oil 
Rewvery 

(am) 

Stabilized 
Rate of Oil 
Recovery 

( Q P ~ )  

Radius of Influence - 
vac (feet) 

~n well) 

Qls 

Stabilized 
Rate of Oil 
Rewvery 

(gpm) 

Ground 
Wafer 

Pumping 
Rate 

c 
e 

Radius of Influence - 
gw (feet) 

Sustained 
Gmund 
Water 

Drawdow 
( Q P ~ )  

Gmund 
Water 

Pumping 
Rate 

Applied 
Vawum 

(In of H,O) 

n (feet) 

Sustained 
Ground 
Water 

Drawdow 

Specific 
Capacity 
(gpm/fl of 
drawdown 
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6.0 Plumes 5 and 6 (General Tank Field) 

6.1 Introduction 

Plumes 5 and 6 are located in the General Tank Field (Figure 6-1 and Figure 6-2). 

The General Tank Field consists of 14 tanks in two secondary containment areas. When Exxon 
operated the tanks, they contained #6 oil, jet, #2 heating oil and storm water. In 1940, in addition to 
the tanks, the only buildings in this area included a utility store room and a general pump house. 
Also, from some time in the 1940s to 1968, the northern portion of the General Tank Field was part of 
the Bayonne Municipal Dump. 

6.2 Field Work 

6.2.1 Free Oil Delineation Tasks 

A total of 16 temporary wells were installed at Plumes 5 and 6 (2 more than specified in the 
Workplan) (GTFTMW 1 through GTFTMW 16). NJDEP permits for the installation of these wells 
are included in Appendix F. 

A total of 4 permanent wells (GTFTMI, GTFMW2, GTFMW3, and GTFMW4) were installed in the 
General Tank Field, in accordance with the Workplan. Because of the limited size of Plume 5, only 
1 of these wells was installed at Plume 5 (for long term monitoring purposes). 

As required by the Workplan, 6 soil samples were collected during the installation of temporary 
wells GTFTMWl and GTFTMW4 (2 less than specified in the Workplan due to the relatively 
shallow water table in one of the wells). The soil samples were analyzed for FORP Workplan design 
parameters (% residual oil, % water, porosity, and bulk density). Also, 1 of these soil samples (1 less 
than specified in the Workplan) was collected within the oil zone on the water table for grain size 
analysis. 

Measured the apparent thickness of oil in all existing and proposed wells in the General Tank Field 
in accordance with the Workplan. In total, 13 measuring events were taken at Plume 5 wells and 23 
were taken at Plume 6 wells. 

Performed free oil characterization on 5 samples, as required by the Workplan. The following 
analyses were performed: 1) GC fingerprinting: GTFTMW3, GTFTMW8, GTFTMW9, GTFTWMI 5 
and MW7; 2) m: GTFTMW3, GTFTMW8, GTFTMW9, and MW7; and 3) Viscosity: 
GTFTMW3, GTFTMW8, GTFTMW9, and MW7. No samples were collected at Plume 5 because of 
the limited nature of the plume. 

6.2.2 FORP Design Support Tasks 

Performed baildown tests in a total of 5 wells at Plume 6 (one more than specified in the Workplan). 
The tests were performed on wells GTFTMW3, GTFTMW4 GTFTMW8, GTFTMW9, GTFMW 1. 
No baildown tests were performed at Plume 5 because the'apparent thickness of oil in the wells was 
thin (approximately 0.2 feet). 
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Performed free oil recovery rate testing at 2 wells (GTFMWl and GTFMW4) (2 less than specified 
in the Workplan; none were performed at Plume 5 because the apparent thickness of oil in the wells 
was approximately 0.2 feet). A third test was attempted at GTFMW 1, however, after installation of 
the permanent well, no free oil was measured, therefore, no test was performed at this location. 

Prior to the test at GTFMWl, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (GTFTOW 1 through 3), as required by the Workplan. Performed free oil skimmer testing, 
total dual fluids pumping, and vacuum enhanced testing at-this well, as required by the Workplan. 

Prior to the test at GTFMW4, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (GTFTOW4 through 6). Performed vacuum enhanced testing at this well to determine if 
this method could induce oil to flow to this well, which according to a Geraghty & Miller (1995) 
map had 4.67 feet of oil, however, none was measured during the FORP investigation. The free oil 
skimmer testing and total dual fluids pumping were not performed at this well because the vacuum 
enhanced testing was deemed to be the most effective method. 

6.3 Description of Hydrogeology 

The subsurface materials at the General Tank Field are composed of fill. The fill consists of silt and 
fine to coarse sand and gravel, containing of cinders, coal, wood and glass, to depths of 10 to 16 feet. 
Locally the fill material is very loose. According to Geraghty & Miller (1995), peat and organic soils 
(which are at least 2 feet thick) are present below the fill material at depths of between 9 feet and 14 
feet below the ground surface. This general stratigraphy (i.e., fill overlying a peat layer) found during 
the FORP is similar to the stratigraphy presented in Geraghty & Miller (1995). 

In the vicinity where the thickest apparent free oil was measured at Plume 6, the subsurface material 
near the water table consisted of fine to medium sand, little silt, with crushed coal and slag. 

Grain size analysis was performed on one sample collected near the water table in the Exxon General 
Tank Field. The sample, which was collected from 6.0 feet to 7.4 feet at GTFTMW4, contained 
approximately 19% fine sand, 9% silt/clay, and the remaining 72% was composed of coarser sand and 
gravel. The result of this analysis is consistent with the soil descriptions in borings near the water 
table given above. 

An unconfined groundwater zone is present in the fill at General Tank Field, and groundwater is 
approximately 5 feet to 6 feet below the ground surface. 

The groundwater flow direction is to the northeast toward the Upper New York Bay at the General 
Tank Field (Figure 3-1). A small elongate groundwater mound exists immediately south of the 
General Tank Field (formed by well GMMW14, MW7, GTFMW4, MWlO and MW1 l), which 
appears to hydraulically separate the General Tank Field from the Low Sulfur Tank Field to the south. 
The hydraulic gradient over most of the General Tank Field is 0.001. This elongate mound runs 
parallel to a water main located in the access road to Pier 7. 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken in monitoring wells at low and high tides. 
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6.4 Free Oil Delineation Results 

6.4.1 Apparent Free Oil Thickness 

Plumes 5 and 6 were defined to 0.1-foot apparent thickness contour, as required by the FORP 
Workplan (Figure 6-I), and it is clear from the map that Plume 6 is the more significant of the two 
plumes. A total of 49 wells were used for the delineation. Thus, the horizontal extent of the plume 
has been confirmed, and no further delineation is required. 

Plume 5 is comprised of two small areas of free oil, which indicate that the plume is characterized by 
a thin, discontinuous zone of oil (Figure 6-1) . The oil was measured in wells GTFSB2 (a previously 
installed temporary well) and GMMWlO (an existing permanent well). The maximum apparent free 
oil thickness was approximately 0.24 feet. The horizontal extent of Plume 5, as depicted in this 
FORP, is significantly smaller compared to how it was depicted in the Geraghty & Miller (1 995) 
report. 

Plume 6 is oval-shaped, and based on data from a previous temporary well (GTFSBS), there is a 
small, separate area of oil west of the main plume (Figure 6-1). At Plume 6, the maximum apparent 
free oil thickness was 7.67 feet. 

6.4.2 True Free Oil Thickness 

There are no areas where the true free oil thicknesses of Plume 5 is greater than 0.1 feet. 

Plume 6 is oval-shaped (Figure 6-2 ). The maximum true free oil thickness at Plume 6 was 1.28 feet 
at well GTFMWS. 

An exaggeration ratio of 6 was used for Plumes 5 and 6. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plumes 5 and 6 was derived using results from 
subsurface soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and 4 
baildown tests completed at General Tank Field (Table 6-1). The subsurface material near the water table consisted of fine 

to medium sand, little silt, with crushed coal and slag. These descriptions correspond to a soil type between a sandy loam 

and loam using the soil types given on the exaggeration ratio chart cited in EPA (1 996). According to EPA (1996), the ratio 

of apparent to true free oil thickness for soils of these types have a range of between approximately 2 and 6. In addition, the 

exaggeration ratios from 4 baildown tests ranged from 2.72 to 12.78, and the average exaggeration ratio was calculated to be 

7.68. The ratios from the baildown tests are greater than the range reported in the EPA guidance for the soil types present. 

Therefore, given the available data, an exaggeration ratio of 6 was used for Plumes 5 and 6. The apparent free oil thickness 

and true free oil thickness data and graphs for the baildown tests at this plume are contained in Appendix F. 

6.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plumes 5 and 6 
are included on Table 6-2. Results from the characterization are presented below. 
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The three wells from within Plume 6 (GTFTMW3, GTFTMW8, and GTFTMW9) were similar in 
that they were predominantly comprised of a moderately degraded diesel fuel or fuel oil #2 (Table 6- 
2). The presence of a gasoline range product(s) that was particularly enriched in ethylbenzene and 
xylenes could indicate that there was a contribution fiom a light, aromatic solvent to the southwest 
portion of Plume 6. The viscosities of these three samples are all different; they range fiom 4.7 cs to 
24.0 cs. Generally, the percentages of GRO, DRO, and RRO in the three samples is the same, 
however, the sample fiom GTFTMW8 has a higher GRO percentage, which reflects the gasoline 
range component in this sample. The VOC and BTEX levels in GTFTWM8 were also elevated 
which is consistent with the presence of a gasoline range component. 

The sample from MW7, which is located in Plume 4, contained oil that was completely unrelated to 
those observed in the Plume 6 wells. The MW7 material was likely to be an unweathered petroleum 
naphtha, or perhaps JP-4 , of which there was no evidence of in any of the Plume 6 wells 

A sample from GMMWIO was analyzed previously by Dan Raviv (1995). This well is located in the 
southernmost component of Plume 5 within the General Tank Field. This oil was a mixture of 
moderately degraded diesel fueYfuel oil #2 and some unique, heavier, waxy materials, and it is 
clearly distinct from the Plume 6 oils studied for the FORP. This argues against any continuity or 
common source for the GMMW 10 oil and the Plume 6 oils. 

The specific gravity of oil from wells in the central and western portions of Plume 6 was greater than 
the specific gravity of oil from the western end of Plume 4 (MW7). 

Analyses of soil samples collected along a vertical profile in soil borings next to GTFTMW 1 (at 
Plume 5) and GTFTWM4 (at Plume 6) showed that the percentage of oil in the samples generally 
increased with depth (Table 6-3). 

6.6 Potential Sources of Free Oil 

Areas of potential sources of free oil at the General Tank Field include ASTs, oiltwater separators, a 
portion of the former Bayonne Municipal Dump, a former lead-contaminated separator sludge dump, and 
sewers systems (Geraghty & Miller, 1994). Also, two spills in excess of 100 gallons, one of oil and the 
other of oily sludge, have been documented at the General Tank Field. 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the General Tank Field: 

Two spills, one of oil (300 gallons) and the other of oily sludge (1,000 gallons), occurred in 1990 at 
Tanks 1058 and 1059, respectively, however, both spill locations are north (downgradient) of Plume 
6, and are unlikely sources of Plume 6. 

A former General Pump House is the only process-related feature that is associated with Plume 6; it 
occurred at its western (upgradient) end, and only by this physical association can it be considered a 
potential source. 
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Main Sewer Trunk Line #5 and three associated lateral lines (5A, 5B, and 5C) pass through the 
General Tank Field. Two areas of major findings from the sewer evaluation have been reported to 
NJDEP (MH5A-3 to MH5-3 and MH5-3 to MH5-5), the first of which coincides with Plume 5. The 
pipes are partially submerged, have experienced cracking and apparent ovalization due to external 
loads, and a stagnation zone exists such that trapped oil could have exfiltrated from the sewer. This is 
consistent with the thin (approximately 0.2 feet apparent thickness) and localized nature of plume 5. 

6.7 Free Oil Pump Testing Results 

Free oil pump tests were performed at wells GTFMW 1 and GTFMW4 at Plume 6 in the General Tank 
Field, which is a non-tidal area. The results of the tests are summarized below. The detailed results are 
contained in Appendix F. 

At well GTFMW 1, which had a design apparent thickness of approximately 1.6 feet during the 
FORP, no sustained oil recovery was achieved for the skimmer test, and for the total dual fluids 
pumping test the recovery rate was 0.0 1 gpm. The sustained recovery rate for the vacuum enhanced 
pumping test was 0.03 gpm (Table 6-4). During the dual fluids test, the radius of groundwater 
influence was greater than 50 feet, using a groundwater pumping rate of between 7.0 gpm and 8.4 
izl'm. 

At well GTFMW4, no oil was initially measured in this well 16 days after its installation, even 
though 7.67 feet of oil had previously been measured in a temporary well (GTFTMWS) at this 
location during the FORP. At the time of the test, the screened interval of the permanent wells was 
checked to make sure that it intercepted the water table, and it did. Therefore, a vacuum enhanced 
test was performed to draw oil into the well for the test. No oil was recovered during this test, 
however, in subsequent gauging events, oil was found to have entered the well to a maximum 
apparent thickness of 1.16 feet. 

At well GTFMW2, no oil was present in the well at the time of the test, so no test was performed 
here. At the time of the test, the screened interval of the permanent well was checked to make sure 
that it intercepted the water table, and it did. 

6.8 Description of Existing Free Oil Recovery System 

There is no existing free oil recovery system at Plumes 5 and 6. The closest recovery system is 
approximately 300 feet east of the eastern edge of Plume 6, which collects free oil in the western portion 
of Plume 1 via a small network of perforated horizontal drains and an associated recovery well (Sheri 3). 

6.9 Conceptual Strategies for Free Oil Recovery Design 

There are no existing free oil recovery systems at Plume 5 or Plume 6. 

At Plume 5, sustained free oil recovery is not practicable at this time. There is no 
discernible/recoverable free oil present (i.e., the true thickness of oil is less than 0.1 feet). Therefore, 
conceptual remedial methods to be evaluated at this plume include natural or in-situ biodegradation 
with continued monitoring. 
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At Plume 6, sustained free oil recovery is not practicable at this time, based on the 0.1 gprn free oil 
recovery rate criterion. The pump test results indicate that the highest sustained free oil recovery 
rates were between 0.03 and 0.065 gpm, using vacuum enhanced pumping; however, these rates are 
below the 0.1 gprn recovery rate that was deemed reasonable in the FORP Workplan. The maximum 
recovery rates for the total dual fluids pumping were significantly lower (0.001 gprn and 0.03 gprn). 
At another test well (GMMW4) that had no oil at the time of the test, vacuum enhanced pumping was 
used in an attempt to induce oil to flow to the well. While no oil was recovered during the test, oil 
was measured in this well in subsequent measuring events. 

At Plume 6, a conceptual free oil recovery option would be to extend the western extension of the 
existing Sheri3 perforated drain-recovery system so that it intercepts Plume 6. The drain system 
would have to be extended approximately 500 feet to the west. According to Raviv (1995), the 
existing drains were recently (in 1995) pressure jetted to remove accumulated material, because they 
were plugged. 

Another conceptual method for oil recovery at Plume 6 would be to use active total fluids or vacuum 
enhanced pumping in a series of vertical wells, although the recovery rates for this method would be 
expected to be between 0.03 gprn and 0.06 gpm, which is below the 0.1 gprn recovery criteria. 

At Plumes 5 and 6, the following information should be considered for the design of a free oil 
recovery system: 1 )  Infrastructure associated with pipe racks, fire lines (water), and buried electrical, 
and the access road must be considered for any designs along the south edge of Plume 6; 2) Within 
Plume 6, there are old tank bottoms, foundations from concrete berms, and construction debris; 3) 
The berms within the General Tank Field have been identified as areas with medium to high density 
chromium contamination. 



Table 6-1 

Baildown Testing Results for Plumes 5 and 6'') 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

7;68 Average Exaggeration Ratio 

I 6 Applied Exaggeration Raio I 

Test Date 

611 8/97 

6/27/97 
6/19/97 

611 8/97 
811 8/97 

Note: 
(1) No baildown testing was performed at Plume 5. 

Well ID 

GTFTMW3 

GTFTMW4 
GTFTMW8 

GTFTMW9 
GTFMW 1 

Data 
Source: 

P-Parsons 
R-Raviv 

P 

P 
P 

P 
P 

Apparent 
Oil 

Thickness 
in Well 
(feet) 

1.49 

2.23 
7.67 

2.99 
1.56 

True Oil 
Thickness in 
Formation 

(feet) 

0.27 

0 23 
0.60 
1.10 
0.07 

Exaggeration 
Ratio 

5.52 
9.70 

12.78 
2.72 

22.29 

Comments 

Not Included In average. ~ e s u l t s  from adjacent permanent well lnstallatton 



Table 6-2 

Free Oil Analysis Information for Plumes 5 and 6 

Free Oil Recovery Project 

Exxon Company, USA 

Bayonne, New Jersey 

Well I.D. 

GTFTMW3 
(Plume 6) 

GTFTMWS 
(Plume 6) 

GTFTMW9 
(Plume 6) 

GTFTMW15 
(Plume 6) 

GTFMW1 
(Plume 6) 

GTFSB9 
(Plume 6) 

GMMWlO 
(Plume 6) 

MW7 
(Plume 4) 

Note: NA=Not 

GC Fingerprint Summary 
Description 

Moderately degraded diesel 
fuel #2 or fuel oil #2 type 

product(s) 

Mixtue of moderately 
degraded diesel fuel #2 or 

fuel oil #2 type product(s) and 
gasoline range, aromatic-rich 

product (e.g. automotive 
gasoline or reformate) 

Moderately degraded diesel 
fuel #2 or fuel oil #2 type 

product(s) 
Moderately weathered 
automotive gasoline or 

kerosene, Jet A, JP- 1, JP-5 

NA 

NA 

Moderately degraded diesel 
fuel/fuel oil #2 and some 

unique, heavier, waxy 
materials 

Unweathered petroleum 
naphtha or JP-4 

Available. 

GRO 

("/.I 

2 

13 

2 

3 0 

NA 

NA 

NA 

40 

DRO 

("/.I 

86 

72 

78 

64 

NA 

NA 

NA 

5 3 

RRO 

("/.I 

1 1 

15 

19 

6 

NA 

NA 

NA 

7 

Total VOC's 

(ug/Kg) 

1 1,855,300 

1 15,250,000 

13,134,000 

N A 

NA 

NA 

NA 

4,3 18,000 

Total BTEX 

(ug/Kg) 

775,300 

4 1,000,000 

164,000 

NA 

N A 

NA 

NA 

297,000 

Viscosity (cS) 

11.9 

4.7 

24.0 

NA 

NA 

NA 

NA 

1.4 

Specific Gravity 

NA 

NA 

NA 

NA 

0.885 

0.960 

NA 

0.790 



Table 6-3 

Soil Profile Data for Plumes 5 and 6 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Note: 

( I )  NA =Not Available 

(2) The depth to water in GTFTMWI (Plume 5) was approximately 4 feet below the ground surface. 

The depth to water in GTFTMW4 (Plume 6) was approximately 6 feet below the ground surface. 

SAMPLE No. 

GTFTMW 1-0 
GTFTMW 1-2 

GTFTM W4-0 

Depth (feet) 

0.0 - 0.8 
2.0 - 2.8 

0.0 - 1.7 

Oil & Grease ( O h )  

0.86 
7.03 

0.0 1 
P 

GTFTM W4-2 
GTFTM W4-4 
GTFTMW4-6 

14.61 
11.52 
33.24 

0.45 
0.5 1 
0.48 

Moisture (%) 

NA 
36.10 

13.20 
2.0 - 3.7 
4.0 - 5.7 
6.0 - 7.4 

Porosity 

NA 
0.59 

0.43 
0.01 

47.60 
7.58 



Table 6-4 

Pump Testing Results for Plume 5 and 6"' 

Free Oi l  kecovery Project 

Exxon Company, USA 
Bayowe, New Jersey 

Notes' 
(I) No pump tests were perlomed on plume 5. 

Well I D  

GTFMWI 
(Plume 6) 

GTFMW4 
(Plume 6) 

- 

G T F W 2  

(Plume 6) 

Vacuum Enhanced Total (dual) Fluids Pumping T u t s  Total (dual) Fluids Pumping Tests 
Applied 
Vacuum 

(in of 

H1O) 

NAPL Skimmer Tests 

8/5/97 P 255 0.030 >SO 9.3 3.3 40 

8/7/97 P 255 0.000 >50 2.5 8.7 65 

No Test (no oil was measured in well) 

Date Date Date Duration 
(min.) 

8/4/97 P 110 0 002 >50 7.0 I 5 4.667 

8/4/97 P I I 5  0.010 >50 8.4 4.2 2.000 

No Test (no oil was measured in well) 

No Test (no oil was measured in well) 

Duration 

(min ) 

S 
o 
u 
r 
c 

e 

S 
o 
u 
r 

c 
e 

8/4/97 P 50 0.000 

No Test (no oil was measured in well) 

No Test (no oil was measured in well) 

S 
o 
u 
r 
c 
e 

Stabilized 
Rate o f  Oil 
Rewvery 

(gpm) 

Stab~lized 
Rate of Oil 
Recovery 

(gpm) 

Duration 
(min.) 

Radius of lnfluencc - 
vac (feet) 

Stabilized 
Rateof Oil 
Rewvery 

(gpm) 

Radius of Influence - 
gw (feet) 

Ground 
- 

Water 
Pumping 

Rate 

(gpm) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

s 

Ground 
Water 

Pumping 
Rate 

(gpm) 

Q 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

Specific 
Capacity 

(gpmlft o f  
drawdown) 

Q/s 
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7.0 Plume 7-AV and Plume 7-DT ( AV Gas and Domestic Trade Areas) 

7.1 Introduction 

In the FOFW Workplan Plume 7 was depicted only in the AV Gas Area (and partially in the Asphalt 
Plant Area). Based on this FORP investigation findings, a second plume was confirmed in the 
Domestic Trade Area. Therefore, we have designated Plume 7-AV to include the original Plume 7, 
and Plume 7-DT as the newly confirmed plume in the Domestic Trade Area (Figure 7-1 and Figure 
7-2). 

The FOFW Workplan did not propose any field investigation at Plume 7-DT because it was not yet 
confirmed as a free oil plume. Additional field work (intended to confirm the absence of a defined 
free oil in the area) proved that a plume did exist and, therefore, it was established as Plume 7-DT. 

The AV Gas Tank Field consists of 10 above ground tanks in two bermed areas. When Exxon 
operated the tanks, they contained kerosene, aviation gasoline, toluene, hexane, heptane, and cutback 
naphtha (Geraghty & Miller, 1994). From 1932 through 1947, the AV Gas Tank Field contained 
tanks and a process area that extended westward into the No. 2 Tank Field. This process area 
contained a vacuum furnace, an atmospheric furnace, heaters, a stack, a still, a scrubber, and a blower. 
From 1957 through 1961, a tetraethyl lead building was located just east of the pitch filling plant. 

Currently, the Domestic Trade Area consists of three buildings, including a gatehouse, a covered 
truck rack, and a garage. One heating oil underground storage tank is in service near the gatehouse 
(Geraghty & Miller, 1994). Historically, retail distribution of fuels occurred in the Domestic Trade 
Area, and operation of a series of cracking coils, as part of the refinery. 

The Asphalt Plant Area consisted of approximately 41 ASTs in four concrete-curbed areas and two 
soil-bermed areas. Most of the tanks contained cutback asphalt and other asphalt grades, which are 
not liquid at ambient temperatures. Three tanks in the soil-bermed area of the Asphalt plant contained 
kerosene and Varsol (a petroleum-based solvent), which are liquid at ambient temperatures. A 
railroad car transfer area is located in the northern portion of the Asphalt Plant Area. Asphalt, pitch, 
and related products were processed and handled in the Asphalt Plant Area. At that time, there were 
six small oillwater separators, storage sheds, a pump house, and an oxidizing plant (Geraghty & 
Miller, 1994). 

7.2 Field Work 

7.2.1 Plume 7-AV 

Free Oil Delineation Tasks 

As required by the FOFW Workplan, six temporary on-site wells were installed in the AV Gas Area 
(TRHTMW1, TRHTMW2, TRHTMW3, TRHTMW4, TRHTMW14, and TRHTMW24). NJDEP 
permits for the installation of these wells are included in Appendix G .  

Installed 1 temporary off-site well (TRHTMW 16) per the Workplan. 

Installed one permanent well at the AV Gas Area (TRHMWl). This was not included in the 
Workplan, but was added to provide long term data in the central portion of this plume. 
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, As required by the Workplan, performed 1 soil boring (TRHSBI) approximately 5 feet away from 
existing wells ITMWI. Collected 5 soil samples (one more than specified in the Workplan) for 
analysis of FORP design parameters (% residual oil, % water, porosity, and bulk density). Also, one 
of these soil samples collected within the oil zone on the water table was analyzed for grain size. 

Measured the apparent thickness of oil in all existing and proposed wells in the AV Gas Area in 
accordance with the Workplan. In total, 19 measuring events were taken. 

Performed free oil characterization on 3 samples (two more than what was specified in the 
Workplan). The following analyses were performed: 1) GC fingerprinting: ITMW 1, GMMW3, and 
TRHTMW24; 2) YOA: ITMWI, and GMMW3; and 3) viscosity: ITMWI, GMMW3, and 
TRHTMW24. 

FORP Design Support Tasks 

Three bail down tests (one more than specified in the Workplan) were performed in the AV Gas Area 
(ITMWI, GMMW3, and TRHTMW13). 

Performed free oil recovery rate testing at two wells (ITMWI and TRHMWI) (one more than 
specified in the Workplan). 

Prior to the test at ITMWI, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (TRHTOWI through 3). Performed free oil skimmer testing and total dual fluids pumping at 
ITMW I .  No vacuum enhanced testing was performed because the cut-off criteria of 0.1 gpm was 
met with the dual fluids pump test. 

Prior to the test at TRHMW I, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (TRHTOW4 through 6). Performed total dual fluids and vacuum enhanced pumping tests at 
TRHMWI. 

Evaluated the existing free oil recovery system (i.e., Interceptor Trench) with respect to its potential 
to capture the free oil plume in accordance with the Workplan. 

7.2.2 Plume 7-DT 

The Workplan did not include any field investigation in this area, however, the work described below 
was performed to investigate Plume 7-DT. 

Free Oil Delineation Tasks 

Six temporary on-site wells were also installed in the Domestic Trade Area (TRHTMWI 5, 
TRHTMW20, TRHTMW21, TRHTMW22, TRHTMW23, and TRHTMW26). NJDEP permits for 
the installation of these wells are included in Appendix H. 

Installed two permanent monitoring wells (TRHMW2 and TRHMW6). 

Measured the apparent thickness of oil in the existing and the new wells in the Domestic Trade Area. 
In total, 16 measuring events were taken. 
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Performed free oil characterization on 2 samples. The following analyses were performed: 1) GC 
fingerprinting: TRHTMW 15 and TRHTMW20; 2) m: TRHTMW 15 and TRHTMW20; and 3) 
viscosity: TRHTMW 15 and TRHTMW20. 

FORP Design Tasks 

Performed 2 baildown tests to determine true free oil thickness (TRHTWMI 5 and TRHTMW20). 

Performed free oil recovery rate testing at TRHMW2 in the Domestic Trade Area. Prior to the test 
installed three observation wells at 5; 10, and 50 foot intervals from the well (TRHTOW7 through 
9). Performed skimmer, total dual fluids and vacuum enhanced pumping tests at TRHMW2. 

7.3 Description of Hydrogeology 

7.3.1 AV Gas Area 

The hydrogeology of the AV Gas Area is summarized in the following bulleted items: 

The subsurface materials are composed of fi l l  to depths of up to 14 feet below the ground surface. 
The fill consists predominantly of silt and fine sand containing slag and coal, overlying fine to very 
coarse sand with silt, coal, slag, concrete, bricks, wood and other debris. The presence of an organic, 
silt layer (i.e., peat) in several of the borings confirmed the depth to the base of the fill. According to 
Raviv (1 995), the f i l l  is underlain by a clay to clayey silt layer (at least five feet thick) with varying 
amounts of organic matter (meadow mat), sand and gravel. At well ITMWI, a seven foot thick sand 
layer was encountered between the fill and clay layers (Raviv, 1995). 

In the vicinity of where the thickest apparent free oil was measured at Plume 7-AV, the subsurface 
material near the water table consisted of very fine sand and fine sand with little to trace silt, crushed 
coal and slag. 

Grain size analysis of a soil sample collected from 14 feet to 15 feet in a boring performed adjacent to 
ITMW 1 indicated that the subsurface material is fine-grained. Specifically, the sample contained 
approximately 5 1% fine sand, 19 % silt and clay, and the remaining 30 %was composed of coarser 
sand and gravel particles. The results of this analysis is consistent with the soil descriptions for the 
interval near the water table given above. 

An unconfined groundwater zone is present in the fill on-site, and groundwater in the AV Gas Area is 
generally between 5 ft and 7 ft  below the ground surface. 

The groundwater flow direction is to the north, east and southeast (Figure 3-1). It is noteworthy that 
groundwater flow changes from a northern direction of flow in the western portion of Plume 7 to a 
more easterly direction of flow in the eastern portion of the plume. The hydraulic gradient is 0.004 in 
the AV Gas Area and 0.006 in the Domestic Trade Area. 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken in monitoring wells at low and high tides. 

7.3.2 Domestic Trade Area 

The hydrogeology of the Domestic Trade Area is summarized in the following bulleted items: 

SPLM-7.DOC Page 7-3 
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The subsurface materials generally consist of fill to a depth of approximately 1 1 feet. The fill was 
composed of olive gray, fine sand, trace silt, and minor gravel, with slag to the east, and local areas of 
silt. The presence of an organic, silt layer (i.e., peat) in one of the borings confirmed the depth to the 
base of the fill (TRHTMW21). In the southwest portion of the area, the peat may pinch out and give 
way to a light brown silt (at wells TRHMW2 and TRHTWMl5). 

In the vicinity of where the thickest apparent free oil was measured at Plume 7-DT, the subsurface 
material near the water table consisted of fine sand with a trace of silt. 

An unconfined groundwater zone is present in the fill on-site, and in the Domestic Trade Area the 
depth to groundwater is approximately 8 feet below the ground surface. 

The groundwater flow direction is to the north-northeast toward the General Tank Field (Figure 3-1). 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken at low and high tides. 

7.4 F ree  Oil  Delineation Results 

7.4.1 Plume 7-AV 

Apparent Free Oil Thickness 

Plume 7-AV is defined to 0.1-foot apparent thickness contour, as required by the FORP Workplan 
(Figure 7-1). A total of 28 wells were used for the delineation. Thus, the horizontal extent of the 
plume has been confirmed, and no further delineation is required. 

Plume 7-AV has two main lobes that are believed to be joined to the north, and are separated in the 
central and southern regions by an area where less than 0.1 feet of free oil was found. The maximum 
free oil thickness was 9.91 feet at ITMWl. The configuration of Plume 7-AV, as depicted in this 
FORP, is different from how it was depicted in the Geraghty & Miller (1 995) report. The absence of 
free oil in temporary monitoring wells installed in this central area (TRHMWI, TRHTOW6, and 
TRHTMW14) indicates that this plume is not one continuous zone of free oil, but instead the free oil 
is distributed in two lobes that are believed to be connected to the north (Figure 7-1). This is also 
supported by the GC fingerprint data presented in a later section. 

True Free Oil Thickness 

Plume 7-AV, based on its true free oil thickness, is generally similar to that for the apparent free oil 
plume (Figure 7-2 ). The maximum true free oil thickness was 1.65 feet at ITMWl 

An exaggeration ratio of 6 was used for Plume 7-AV 
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Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 7-AV was derived using results from subsurface 

soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and baildown tests 
completed at Plume 7-AV (Table 7-1). The subsurface material near the water table consisted of very fine sand and fine 

sand with little to trace silt, crushed coal and slag. These descriptions correspond to a soil type between a sandy loam and 

loam using the soil types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of 

apparent to true free oil thickness for a soil of this type ranges between approximately 2 and 6. In addition, the exaggeration 
ratios from 4 baildown tests (3 as described above and 1 existing data by Dan Raviv, 1995) ranged from 5.00 to 11.97; the 

average exaggeration ratio was calculated to be 9.65. The higher exaggeration ratio of 11.97 was found in a well that was 
installed in relatively fine-grained material (i.e., silty sand). The ratios from the baildown tests are greater than the range 

reported in the EPA guidance for the soil types present. Therefore, given the available data, an exaggeration ratio of 6 was 

used for Plume 7-AV. This exaggeration factor was applied to all of the apparent free oil thicknesses in the plume to arrive 

at a true free oil thickness. The apparent free oil thickness and true free oil thickness data and graphs for the baildown tests 

at this plume are contained in Appendix G. 

7.4.2 Plume 7-DT 

Apparent Free Oil Thickness 

Plume 7-DT is defined to 0.1-foot apparent thickness contour, as required by the FORP Workplan 
(Figure 7-1). A total of 12 wells were used for the delineation. Thus, the horizontal extent of the 
plume has been confirmed, and no further delineation is required. 

Plume 7-DT is roughly circular in shape and occupies the west-central portion of this area. The 
maximum free oil thickness was 7.41 feet at TRHMW6. 

The lack of free oil in temporary well TRHMW26, which is located between the AV Gas and 
Domestic Trade Areas, indicates that Plume 7-AV and Plume 7-DT are not connected. This is also 
supported by the GC fingerprint data presented later in this section. 

True Free Oil Thickness 

The true free oil thickness Plume 7-DT is circular in shape (Figure 7-2). The maximum true free oil 
thickness was 1.85 feet at TRHMW6. 

An exaggeration ratio of 4 was used for Plume 7-DT. 

Derivation of Exa~era t ion  Ratio: The exaggeration ratio at Plume 7-DT was derived using results from subsurface 

soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and baildown tests 
completed at Plume 7-DT (Table 7-1). The subsurface material near the water table consisted of fine sand with a trace of 

silt. This description corresponds to a soil type between a fine sand and a sandy loam using the soil types given on the 

exaggeration ratio chart cited in EPA (1 996). According to EPA (1  996), the ratio of apparent to true free oil thickness for a 

soil of this type ranges between approximately 2 and 4. In addition, the exaggeration ratios from two baildown tests were 

2.08 and 6.00, and the average exaggeration ratio was calculated to be 4.04. The average exaggeration ratio derived using 

the baildown tests is within the range expected for this soil type. Therefore, given the available data, an exaggeration ratio of 

4 was used for Plume 7-DT. The apparent free oil thickness and true free oil thickness data and graphs for the baildown tests 
at this plume are contained in Appendix H. 
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7.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 7-AV and 
Plume 7-DT are included on Table 7-2. These results support the physical evidence that the Domestic 
Trade and AV Gas free oil plumes are separate. Further, data confirm that the Plume 7-AV Gas is 
comprised of two distinct lobes. Results that support this are presented below. 

The free oil samples collected from wells TRHTMWI 5 and TRHTMW20 in the Domestic Trade 
Area each contained similar mixtures of moderately weathered diesel fuel or fuel oil #2, and a 
gasoline range product(s). Also, their viscosities and percentages of GRO, DRO, and RRO were 
similar (Table 7-2) 

The free oil samples from ITMWl and TRHTMWI to the south in the AV Gas Tank Field were 
similar mixtures of moderately weathered kerosenetdiesel #1 range product(s) and an unidentified 
lower boiling, gasoline range product(s). These similarities argue that the sources for these oils are 
related. The viscosity of the free oil from well ITMWl was similar to samples from the Domestic 
Trade Area. 

The absence of free oil in well TRHTMW26, which is located between the two plumes, indicates that 
they are separate, even though the presence of unusual compounds eluting in the vicinity of pristane 
and 5a-androstane in wells TRHTMW15 and TRHTMW20 (north of railroad tracks), and in wells 
ITMW 1 and TRHTMWI (south of the railroad tracks) indicates that they may have similar source 
material. 

Free oil collected from TRHTMW24 (in the AV Gas Tank Field) contained a moderately-to-severely 
degraded heavy fuel oil or crude oil and it appears to be unrelated to the free oil in ITMWl and 
TRHTMWI. Similarly, the mixed nature of oil from GMMW3, which is in the southern end of the 
western lobe of the Plume 7-AV, appears unique for the Plume 7-AV Area. The viscosities of the 
TRHTWM24 and GMMW3 free oil samples were similar, but they were significantly different than 
the free oil viscosities from the eastern lobe of Plume 7-AV and from the Domestic Trade Area 
(Table 7-2). The same relationship is true for the percentages of GRO, DRO, and RRO. 

The VOC data for the free oil samples provides additional support for the presence of a free oil 
plume in the AV Gas Area that is separate from the free oil plume in the Domestic Trade Area 
(Table 7-2). Generally, the free oil from each of the two areas have different total VOC 
concentrations. Free oil in the Domestic Trade area has an average total VOC concentration that was 
lower than that for the AV Gas Area. BTEX concentrations varied widely for the free oil samples. 

The specific gravity of the free oil at ITMWl was 0.830. Free oil collected from two temporary 
wells during a previous study had specific gravities of approximately 0.97. 

Analyses of the vertical profile samples collected from a soil boring approximately 5 feet from well 
ITMWl, which had 9.91 feet apparent free oil thickness during the FORP, showed that the percent of 
oil and grease in the soil samples generally increased with depth to approximately 8 feet, which was 
near the water table (Table 7-3). The laboratory data for percent oil is contained in Appendix G. 
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7.6 Potential Sources of Free Oil 

7.6.1 Plume 7-AV 

Areas of potential sources of free oil at the AV Gas Tank Field include ASTs, former asphalt pans, 
oillwater separators, process areas, and sewers (Geraghty & Miller, 1994). At the Asphalt Plant Area, 
potential sources of free oil include ASTs, oiVwater separators, drum storage areas, loading/unloading 
areas, a Hot Oil Transfer System, process areas, sewers, and septic systems (Geraghty & Miller, 1994). 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the AV Gas Area: 

A spill of diesel of unknown volume northwest of ITMW 1 in 1992 was 80 ft upgradient of ITMWl ; 
9.91 feet of diesel-range free oil was found in this well. 

A 5,000 gallon spill of toluene from Tank 1010 in 1988 was in the area where 5.3 ft of apparent free 
oil was found in a monitoring well during the FORP (TRHTMW4). This release was in the center of 
what is depicted as the western lobe of Plume 7. Although no analysis was performed on the free oil 
from TRHTMW4, GC fingerprint data for other samples in this general area show low % GRO, and 
VOA analysis does not indicate the presence of significant amounts of toluene in the free oil. 

Major findings that have been reported to NJDEP include a perforated corrugated metal pipe running 
northwest from MH2-8.(parallel to the line from MH2-2). According to Mr. Robert Fairchild, this 
was installed some time prior to the construction of the Interceptor Trench in 1976 in order to aid in 
the collection of oil moving off the property to the north. Although it was originally installed to 
collect oil, it is possible that exfiltration of oil from this section has occurred. 

In the northern portion of the Asphalt Plant Area there has not been a known free oil spill event, and 
based on sewer inspections, no significant sewer breaks were noted on the northern lateral (Lateral 
3F) of Main Sewer Trunk Line #3. 

7.6.2 Plume 7-DT 

The operational history of the Domestic Trade Area included retail distribution of fuels with a multiple 
truck loading rack, a cracking coil area occupying the northern half of the Domestic Trade Area from 
1932 to 1940, and associated tanks (Geraghty & Miller (1994). The central portion of the crack coil area 
and portions of the truck loading rack overlap the greatest thickness of free oil found in the plume (7.41 
ft at TRHMW6), and, by physical association, these are the potential source areas. 

7.7 Free Oil Pump Testing Results 

Free oil pump tests were performed at wells ITMWl, TRHTMWI in the AV Gas Area, and TRHMW2 in 
the Domestic Trade Area (Table 7-4), which are non-tidal areas. The results of the tests are summarized 
below. The detailed results are contained in Appendix G and H. 
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I At well ITMWI, which is where the thickest free oil was measured at Plume 7-AV Gas, the 
sustained oil recovery rate for the skimmer test was 0.05 gallons per minute (gprn). For the dual 
fluids pump test, the maximum sustained free oil recovery rate was significantly greater, 0.92 gpm 
.(Table 7-4). No vacuum enhanced test was performed at this well because the free oil recovery rate 
for the total fluids test was greater than the cut-off criteria of 0.1 gpm. During the dual fluids pump 
test at ITMW 1, the radius of groundwater influence was between 10 feet and 50 feet, using a 
groundwater pumping rate of 1 gpm. 

At well TRHMW 1, free oil recovery could not be sustained for the dual fluids pump test or the 
vacuum enhanced test (Table 7-4). This is likely due to the fact that this location is near the Plume 
7-AV boundary where only a small free oil thickness was measured. During the dual fluids pump 
test at TRHMWI, the radius of groundwater influence was less than 5 feet, using a groundwater 
pumping rate of 0.15 gpm. 

At well TRHMW2 in the Domestic Trade Area, the vacuum enhanced dual fluids pumping test 
yielded the highest sustainable free oil recovery rate (0.07 gpm), while the recovery rates were lower 
for the skimmer and dual fluids pumping tests. The radius of influence was greater than 50 feet for 
the vacuum enhanced test. 

7.8 Description of Existing Free Oil Recovery System 

7.8.1 Plume 7-AV 

The Interceptor Trench, located to the northwest of Plume 7-AV, intercepts a portion of the western 
lobe of Plume 7-AV. The total length of the Trench is approximately 2,040 feet long and it is 
constructed of 12-inch diameter perforated vitrified-tile-pipe (VTP) installed with a gravel filter pack 
(Raviv, 1995); it is oriented from northwest to southeast along the northern boundary of the Main 
Building Area and the No. 2 Tank Field. The high points of its profile are at the ends, each end 
sloping towards a low collection point located approximately 700 feet from the northwestern end. 
Total fluids are pumped from the Trench system at Sump A and Avenue J Sump into a sewer line 
that discharges to the IMTT Bayonne Facility East-Side Treatment Plant. Sump A has a back-up 
sump (Sump B). 

The western lobe of Plume 7-AV is upgradient of the Trench according to the groundwater contour 
map. Based on the groundwater information, the Trench intercepts approximately 200 feet of the 
western lobe of the plume. However, the trench does not extend to the eastern lobe of Plume 7-AV 
(centered at well ITMWI). Also, the groundwater flow just beyond the eastern end of the Trench 
shifts from a predominately north-northwesterly direction to a easterly direction; therefore, it is 
unlikely that the Trench would be effective in capturing the eastern lobe of Plume 7-AV. 

Dan Raviv has conducted a performance evaluation of the Interceptor Trench system (Raviv 1995). 
According to this report, "The results indicate that the hydraulic influences along the length of the 
trench are not uniform. The western portion of the Trench system is working adequately and so are 
approximately 1,000 ft of the eastern portion of the trench. The remaining 400 feet of the eastern 
portion of the trench, although not influenced by the pumping in Sump A, is operating due to the 
slope (hydraulic gradient) of the Trench." 
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At Plume 7-AV, Exxon monitors free oil thickness and recovers free oil (and water) from well 
ITMW 1 two times a week using a vacuum truck. Approximately 6 gallons of oil is recovered from 
this well during each event according to monitoring and recovery data collected by the Exxon Site 
Remediation Office. 

7.8.2 Plume 7-DT 

Currently, there is no free oil recovery system that specifically addresses Plume 7-DT. The groundwater 
contours in this area indicate that there is no potential for the trench to capture the free oil in Plume 7- 
DT. 

7.9 Conceptual Strategies for Free Oil Recovery Design 

7.9.1 Plume 7-AV 

The pump test results indicate that sustained free oil recovery rates are variable at Plume 7. In the AV 
Gas Area, the maximum sustained free oil recovery rate was 0.92 gpm during the dual fluids pump 
test at well ITMW 1. This relatively good recovery rate may be due to the high availability of free oil 
in the area surrounding the well and the relatively low viscosity of the free oil. Therefore, dual fluids 
pumping is one alternative that will be evaluated for free oil recovery at the eastern end of the 
interceptor trench, where the thickest free oil was measured (ITMW 1). The radius of influence 
during this testing was between 10 and 50 feet. 

The Interceptor Trench is downgradient of the free oil in the western lobe of Plume 7-AV, and 
therefore, has the potential to capture the free oil in this location. There is no free oil recovery system 
in place, however, to address the eastern lobe of Plume 7-AV. Therefore, another free oil recovery 
alternative to be evaluated is extending the existing Interceptor trench approximately 300 feet so that 
it will intercept the northern portion of the eastern lobe of the plume. To address the free oil in the 
central and southern portions of the eastern lobe of Plume 7-AV, active total dual fluids pumping is a 
conceptual remedial method to be evaluated. An additional oil recovery method is necessary in this 
lobe because groundwater flow directions in this area shift to the east making it unlikely that an 
extension of the trench would be effective for this portion of the plume. 

At Plume 7-AV, other criteria that should be considered for design of a free oil recovery system are as 
follows: 1) Concrete abutment walls bound the AV-Gas tank field area, and the depths to the footings 
are unknown, 2) AV-Gas is a high density chromium contamination area, as is much of the area along 
the railroad right-of-way and area immediately to the east of the staging area, 3) On-going activities 
include flammable materials handling which has precluded equipment activities in the past, 4) Buried 
lumber, railroad ties, and coarse construction debris were encountered during drilling operations, and 
5 )  There are large pipe racks, buried power, sewer, and water lines in the area. 
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7.9.2 Plume 7-DT 

In the Domestic Trade Area, the pump test at well TRHMW2, indicated that the sustainable recovery 
rate was 0.07 gpm using vacuum enhanced dual fluids pumping. Also, the free oil in Domestic Trade 
had a relatively low viscosity. The radius of groundwater influence from this test was greater than 50 
feet. Therefore, conceptual methods for oil recovery to be evaluated at Plume 7-DT will include 
vacuum enhanced dual fluids pumping. 

An extension of the eastern end of the Interceptor Trench (noted above for Plume 7-AV) would not 
capture Plume 7-DT, because the groundwater flow direction in the Domestic Trade Area is to the 
north-northeast, away from the area into which the trench would potentially be extended. 

At Plume 7-DT, criteria that should be considered for design of a free oil recovery system are as 
follows: 1) There are various abandoned pipes crossing in the area; unmapped and abandoned pipe 
lines were encountered while drilling in the area, 2) There are pipe racks and buried electrical wires 
near the south margin and the boundary with City property, 3) There are numerous old foundations 
and floors from the cracking coil area buried in region, and 4) The overhead area is generally clear. 
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Baildown Testing Results for Plumes 7-AV and 7-DT 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

- 

711 0197 IGMMW-3 ( P 1 1.01 1 0.08 1 11.97 ( 
7/1/97 ~TRHTMw13 1 P 1 4.70 1 0.39 1 1 1.97 lat 1000 min. Product thickness 1.78 ft 

9.65 Average Exaggeration Ratio 

Test Date 

I 6 Applied Exaggeration Ratio I 

Data 
Source: 

P-Parsons 
R-Raviv 

Well ID 

4.04 Average Exaggeration Ratio 

Plume 7 - Domestic Trade Area 
7/10/97 ~TRKIUWIS I P 

8/11/97 lTRHTMw20 I P 

4 Applied Exaggeration Ratio 

Apparent 
Oil 

Thickness 
in Well 

Page 1 of 1 

True Oil 
Thickness in 
Formation 

(feet) 

Exaggeration 
Ratio 

3.02 
1.02 

Comments 

1.45 

0.17 

2.08 
6.00 



Table 7-2 

Free Oil Analysis Information for Plumes 7-AV and 7-DT 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 
N A  -Not  Available 

Well I.D. 

ITMWI 
(AV  as) 

TRHMW l 
(AV Gas) 

GMMW3 
Gas) 

TRHTMW24 
Gas) 

TRHTMW15 
(Dornestlc Trade) 

TRHTMW20 
(Dornestlc Trade) 

AGTFSB3 
(AV Gas) 

AGTFSB4 
(AV Gas) 

GC Fingerpr int  S u m m a r y  
Description 

Mixture of a moderatey weathered, 
diesel # 1  and a gasoline range 

product(s), perhaps automotive gasoline 

Mixture of a moderatey weathered, 
diesel #I  and a gasoline range 

product(s), perhaps automotive gasoline 

Mixture of an aromatic solvent (e g., 
xylenes), a moderately weathered diesel 
range product(s) (e.g., diesel fuel or fuel 

oil #2), and a lube oil or asphalt type 
product(s) 

Moderately to severely degraded heavy 
fuel oil (e.g., #6 or Bunker C) or a crude 

oil 

Moderately weathered diesel fuel #2 or 
fuel oil #2 mixed with a gasoline range 

product(s) 

Moderately weathered diesel fuel #2 or 
fuel oil #2 mixed with a gasoline range 

product(s) 

N A 

N A 

GRO 
(%) 

24 

28 

6 

2 

- 

12 

12 

NA 

NA 

DRO 
(%) 

67 

61 

60 

65 

82 

79 

NA 

NA 

RRO 
(%) 

9 

12 

33 

33 

- 

6 

9 

NA 

NA 

Total 
VOC'S 
(ug/Kg) 

50,480,000 

N A 

29,961,000 

N A 

- 

16,202,000 

17,437,000 

N A 

N A 

BTEX (cS) 

(ug/Kg) 

0 

N A 

800,000 

N A 

- 

282.000 

1,077,000 

N A 

N A 

1 9  

N A 

52.3 

52.1 

2.6 

3.2 

N A 

N A 

0.830 

N A 

N A 

N A 

N A 

N A 

0.965 

0.970 



Table 7-3 

Soil Profile Data for Plume 7-AV 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Note: 

( I )  NA = Not Available 

(2) The depth to water in TRHSBI was approximately 12 feet below the ground surface 

Sample No. 

TRHSB I -2 

TRHSB 1 -4 

TRHSB 1-8 

TRHSBI-12 

TRHSBI-14 

Depth (feet) 

2.0 - 2.4 

4.0 - 4.8 

8.0 - 8.3 
12.0 - 12.2 

14.0 - 15.0 

Oil & Grease (%) 

1.34 

5.42 

5.72 

0.30 

0.18 

Moisture (%) 

NA 

28.83 

NA 

NA 

42.23 

Porosity 

NA 

0.46 

NA 

NA 

0.54 



Table 7-4 

Pump Test Results for Plumes 7-AV nnd 7-DT 

Free Oil  Recovery Project 
Exxon Company, USA 
Bayome. New Jersey 

Well ID 

ITMW1 
(Plume 7-AV) 

TRHMW 
(Plume 7-DT) 

TRHMW1 
(Plume 7-AV) 

NAPL Skimmer Tarts 
Date 

Total (dual) Flulds Pumplng Tests 

7/9/97 P 394 0.050 

9/17/97 P 60 0.030 

S 
o 
u 
r 
c 
e 

Date 
Vacuum Enhanced Total (dual) Fluids Pumping Tests 

Date Duratlon 
(min.) 

7110197 P 196 0.190 =10 4 0  0.8 1.2 0.650 
7/16/97 P 320 0.920 =10 4 0  1 -4.9 N A 

9/17/97 P 80 0.020 > I 5  4 0  0.08 1.2 0.067 
9/17/97 P 60 0.020 215 4 0  0.1 2.7 0.037 

9/16/97 P 30 0 000 <5 0.15 4.8 0.031 

S 
o 
u 
r 
c 
e 

Stabilized 
Rate of Oil 
Rewvery 

(gpm) 

No Test P (0.1 gpm NAPL recovery rate requirement previously met) 

9/77/97 P 120 0.070 250 0.1 0.0 50 

9/16/97 P 60 0.000 c5 0.01 -0.8 51 

S 
o 
u 
r 
c 
e 

Duration 
(min.) 

Duration 
(min.) 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

Stabilized 
Rate of Oil 
Rewvery 

(epm) 

Radius of Influence - 
gw (feet) 

Radius of Influence - 
vac (feet) 

Specific 
Capacity 
(gpm/fl of 

drawdown) 

, Qls 

Ground 
Water 

Pumping 
Rate 
(gpm) 

0 .  

Ground 
Weter 

Pumping 
Rate 
(gpm) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

s 

Sustained 
Ground 
Water 

Drawdown 
(feet) 
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8.0 Plume 11 (Main Building Area) 
8.1 Introduction 

Plume 11 is located in the Main Building Area (Figure 8-1 and Figure 8-2). 

The Main Building Area consists of the Main Building and adjacent parking lots, the Gate A 
entrance to the plant, a substation, and the IRPL metering station (Geraghty & Miller, 1994). 
Although this area is currently used for administrative purposes, it has historically been an active 
process area. Prior to the 1920s, the area was occupied by several buildings, process units, and 
above ground storage tanks. The process units included reducing stills, condensers, sweetening 
stills, stirring tanks. Several above ground storage tanks were located in the northern portion of the 
area, and a Paraffin Boiler House and several pump stations were located in the southwestern and 
central portions of the area (Geraghty & Miller, 1994). 

8.2 Field Work 

8.2.1 Free Oil Delineation Tasks 

Installed 5 temporary on-site wells (TRHTMW9, TRHTMW10, TRHTMWl I ,  TRHTMW12, and 
TRHTMW19) for free oil delineation, which is equal to the number specified in the Workplan. 
Temporary well TRHTMW19 was not installed off-site as originally shown in the Workplan, but was 
instead installed adjacent to the northern boundary of the site. This on-site location was determined 
to yield information comparable to the proposed off-site well. 

As required by the Workplan, performed 1 soil boring (TRHSB3) near EB36 and collected 2 soil 
samples (2 less than intended in Workplan) for analysis of FORP design parameters (% residual oil, 
% water, porosity, and bulk density). One sample was collected within the oil zone on the water 
table for grain size analysis. Only two samples were collected because saturated conditions were 
encountered at a relatively shallow depth in the boring (approximately 5 feet) and the samples were 
to be collected from the vadose zone. 

Measured the apparent thickness of oil in all existing and proposed wells in the plume area, in 
accordance with the Workplan. A total of 8 measuring events were performed. The high viscosity 
of the free oil in some of the wells made it difficult to accurately gauge the apparent oil thickness. 

Performed free oil characterization on 1 sample collected from well EB34, as specified in the 
Workplan (EB36 was proposed but it had very little free oil). GC fingerprinting and VOA analyses 
were performed on sample from well EB34. 

8.2.2 FORP Design Support Tasks 

Performed 2 baildown tests to determine true free oil thickness at wells EB34 and ITMW4, in 
accordance with the Workplan. 

Evaluated the existing free oil recovery system (i.e., Interceptor Trench) to determine its ability to 
capture the free oil plume, as specified in the Workplan. 

8.3 Description of Hydrogeology 

Relevant information about the hydrogeology of the Main Building Area at Plume 11 is presented in the 
following bulleted items: 

SPLM-I 1 .DOC Page 8-1 
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The shallow subsurface materials consist of fill, which was found to extend between 7 and 13 feet 
below the ground surface. The fill was generally comprised of fine sand and silt and lesser amounts 
of coarse sand and gravel with slag, coal and brick. The fill is underlain by brown organic material 
(i.e., peatlclay), which was also found in previous investigations. The peat was encountered in all 
five of the borings performed for the FORP in this area. 

In the vicinity where the thickest apparent free oil was measured at Plume 1 1, the subsurface material 
near the water table consisted of fine sand, trace silt, trace fine gravel. 

Grain size analysis of a soil sample collected from 3 feet to 4 feet in boring TRHSB3, which is 
adjacent to EB36, indicated that the subsurface material is predominantly medium sand and gravel. 
Specifically, the sample contained approximately 21 % fine sand, 10% silt and clay, and the 
remaining 69% was composed of coarser sand and gravel particles. The results of this analysis is 
consistent with the soil descriptions for the interval near the water table given above. 

An unconfined groundwater zone is present in the fill on-site. The groundwater at the site is 
generally between 2 feet and 7 feet below the ground surface; the shallower depth to groundwater 
may have been perched water. 

The groundwater flow direction in the Main Building Area is predominantly to the north-northeast 
toward the Interceptor Trench (Figure 3-1). The hydraulic gradient in this area is 0.02. However, 
on the northwestern end of the Interceptor Trench, and on its northern side, groundwater flow is 
toward the Trench. Thus, groundwater flow converges on the Interceptor Trench in this area. 

The aquifer is not influenced by the tide based on an analysis of depths to water taken at low and 
high tides. 

8.4 Free Oil Delineation Results 

8.4.1 Apparent Free Oil Thickness Plume 

Plume 11 is defined to 0.1-foot apparent thickness contour, as required by the FORP Workplan 
(Figure 8-1). A total of 15 wells were used for the delineation. Thus, the horizontal extent of the 
plume has been confirmed, and no additional delineation is required. 

Plume 11 is generally globular in shape and it occurs on both sides of the Interceptor Trench. 
(Figure 8-1). The Trench, which trends in a northwest-southeast direction, bisects the plume. The 
maximum apparent free oil thickness was 0.9 feet in wells ITMW4 and TRHTWM19. 

It is noteworthy that the configuration of Plume 11, as depicted in this FORP, is only slightly 
different from how it was depicted in the Geraghty & Miller (1995) report. The presence of free oil 
in several temporary wells installed southwest and northeast of the plume provided justification for 
extending Plume 11 in these two directions (Figure 8-1). The plume is present on the southern and 
northern sides of the trench in this area, based on the free oil measurements in the wells. Also, 
while 2.87 feet of free oil (apparent) was measured in EB36 in 1994 (Geraghty & Miller (1995), an 
apparent free oil thickness of only 0.04 feet was measured in this well for the FORP. 

Page 8-2 
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8.4.2 True Free Oil Thickness Plume 

When true free oil thicknesses are plotted at Plume 11, the plume consists of three small areas of 
free oil that have a thickness of approximately 0.15 feet (Figure 8-2). 

An exaggeration ratio of 6 was used for Plume 1 1. 

Derivation of Exaggeration Ratio: The exaggeration Ratio at Plume 1 1  was derived using results from subsurface 

soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and baildown tests 

completed at Plume 1 1  (Table 8-1). The subsurface material near the water table consisted of fine sand, trace silt, trace fine 
gravel containing slag and crushed shale. We interpret these descriptions to correspond to a soil type between a sandy loam 

and loam using the soil types given on the exaggeration ratio chart cited in EPA (1 996). According to EPA (1 996), the ratio 

of apparent to true free oil thickness for a soil of this type ranges between approximately 2 and 6. In addition, the 

exaggeration ratios from the two tests were 5.50 and 9.00, and the average exaggeration ratio was calculated to be 7.25. 

The average exaggeration ratio derived using the baildown tests is slightly greater than expected considering the grain size 
descriptions. Therefore, given the available data, an exaggeration ratio of 6 was used for Plume 1 1 .  The apparent free oil 

thickness and true free oil thickness data and graphs for the baildown tests at this plume are contained in Appendix I. 

8.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 11 are 
included on Table 8-2. The results are summarized below. 

The free oil sample collected from well EB34 in the northwestern end of the plume is comprised of 
a moderately to severely weathered heavy fuel oil product (#6 fuel oil) or crude oil. This sample 
had a viscosity of 29.9 cs (Raviv, 1995). 

The free oil at ITMW4 in the southeastern portion of the plume had a viscosity of 2.7 cs (Raviv, 
1995), however, no GC fingerprinting was proposed at this well for the FORP. 

Because the free oil samples from the two ends of the plume have significantly different viscosities, 
this suggests that the plume may be composed of two types of oil. 

Analyses of profile samples collected from a soil boring approximately 5 feet from well EB36, 
[which had a 2.87-foot apparent thickness of free oil in 1994 (Geraghty & Miller, 1995); however, 
during the FORP this well had only 0.04 feet of oil] showed that the percentages of oil and grease in 
the two samples were 0.46 and 1.71 (Table 8-3). The data from these two points indicated that the 
percentages of oil and grease increased with depth (to 4 feet). 

8.6 Potential Sources of Free Oil 

Historical areas of potential releases of free oil at the Main Building Area include the above ground 
storage tanks, USTs, oillwater separators, process areas, sumps, and the sewers and septic systems. 
(Geraghty & Miller, 1994). The following bullets outline evidence for correlations between the current 
distribution of the free oil on-site and the potential source areas at the Main Building Area: 

No releases of oil were noted in the Main Building Area that could potentially be sources of the free 
oil in Plume 11. . 

Page 8-3 
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While no conclusive source was confirmed as the source of free oil at Plume 11 in the Main 
Building Area, there is one operational feature (Tanks 1 through 15 from 1940 to 195 1) that 
overlaps the plume, and based on this geographic relationship, it is a potential source. 

There are no sewer lines near Plume 11 in the Main Building Area. The closest line is Lateral 1A 
of the Main Sewer Line #1, which is located approximately 180 feet south of the plume. This 
lateral line receives discharge from Sump A of the Interceptor Trench, and several other catch 
basins on the west side of the Storage Building. The lateral line is located hydraulically cross- 
gradient from Plume 11. No major sewer findings were interpreted for this section. Thus, Lateral 
1A is not a likely source for the free oil at Plume 11. 

8.7 Free Oil Pump Testing Results 

No free oil pump tests were performed in the wells at Plume 11. 

8.8 Description of Existing Free Oil Recovery System 

The Interceptor Trench bisects Plume 11 and it has the potential to capture the free oil in the plume. 
The Trench is approximately 2,040 ft long and is constructed of 12-inch diameter perforated vitrified- 
tile-pipe (VTP) installed with a gravel filler pack (Raviv, 1995); it is oriented from northwest to 
southeast along the northern boundary of the Main Building Area and the No. 2 Tank Field. Total 
fluids are pumped from the Trench system at Sump A and Avenue J Sump, the later of which is located 
at the north end of Plume 1 1. 

According to Raviv (1995), the Trench extends along the entire length of the Plume 11. Also, the 
groundwater flow map at Plume 11 indicates that the flow converges on the Trench. Therefore, the 
fact that the free oil in Plume 11 is upgradient of the trench (on both the southern and northern sides) 
indicates that the Trench has the potential to capture all of Plume 11. 

The results of a performance evaluation are presented by Raviv (1995). According to this report, 
"The results indicate that the hydraulic influences along the length of the trench are not uniform. The 
western portion of the Trench system is working adequately and so are approximately 1,000 feet of the 
eastern portion of the trench. The remaining 400 feet of the eastern portion of the trench, although not 
influenced by the pumping in Sump A, is operating due to the slope (hydraulic gradient) of the 
Trench. " 

8.9 Conceptual Strategies for Free Oil Recovery Design 

The Interceptor Trench bisects Plume 11 and, based on the converging groundwater flow in this 
area, the trench will contain the free oil in Plume 11. 

Because of the convergent pattern of groundwater flow in the area of Plume 11, the most 
appropriate remedial method for Plume 11 is to continue to collect free oil in the existing Interceptor 
Trench. 
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Table 8-1 

Baildown Testing Results for Plume 11 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

7.25 Average Exaggeration Ratio 

I 6 Aonlied Exaggeration Ratio I 

Test Date 

Page l of l 

Comments True Oil 
Thickness in 
Formation 

(feet) 

Apparent 
Oil 

Thickness 
in Well 

Exaggeration 
Ratio 

Well ID Data 
Source: 

P-Parsons 
R-Raviv 



Table 8-2 

Free Oil Analysis Information for Plume 1 1 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Well I.D. 

EB34 

ITMW4 

GC Results 

Moderately to severely 
weathered heavy fuel oil 

product (e.g., fuel oil #5 or 
#6) or crude oil 

GRO 
(%) 

3 

NA 

DRO 
(%) 

7 1 

NA 

RRO 
(%) 

26 

NA 

Total VOC's 
(ugrng) 

6,900,000 

NA 

Total BTEX 
(ugrng) 

0 

NA 

Viscosity 
(cS) 

29.9 

2.7 

Specific Gravity 

0.922 

0.826 



Table 8-3 

Soil Profile Data for Plume 1 1 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Note: 

(1) The depth to water in TRHSB3 was approximately 3 feet below the ground surface. 

Sample No. 

TRHSB3- 1 

TRHSB3-3 

Depth (feet) 

1 .O - 2.2 
3.0 - 4.0 

Oil & Grease (%) 

0.46 
1.71 

Moisture (%) 

7.45 
24.01 

Porosity 

0.37 
0.45 
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9.0 Plume 12 (No. 2 Tank Field and Main Building Area) 
9.1 Introduction 

Plume 12 is located in the No. 2 Tank Field and in the Main Building Area (Figure 9-1 and Figure 
9-2). 

The No. 2 Tank Field consists of eight tanks in one berrned area (Geraghty & Miller, 1994). The 
tanks contain No. 2 fuel oil. Prior to 1940, this area had sweetening stills and an oillwater separator 
associated with the stills. In addition, the entire northeastern perimeter of the No. 2 Tank Field was 
occupied by a line of crude stills and condensers. In 1940, there were numerous above ground 
storage tanks, a gas compression plant, a boiler house, a water purification plant, an oillwater 
separator, furnaces, and stills at the No. 2 Tank Field. The gas compression plant was previously 
occupied by a second line of sweetening stills (Geraghty & Miller, 1994). 

The Main Building Area is occupied by the Main Building and adjacent parking lots, the Gate A 
entrance to the plant, a substation, and the IRPL metering station, however, historically, the Main 
Building Area has been an active process area. Prior to the 1920s, the area was occupied by several 
buildings, process units, and above ground storage tanks. The process units included reducing stills, 
condensers, sweetening stills, stirring tanks. Several above ground storage tanks were located in the 
northern portion of the area, and a Paraffin Boiler House and several pump stations were located in 
the southwestern and central portions of the area (Geraghty & Miller, 1994). 

9.2 Field Work 

9.2.1 Free Oil Delineation Tasks 

Installed 5 temporary on-site wells (TRHTMW5, TRHTMW6, TRHTMW7, TRHTMW8, and 
TRHTMW25) for free oil delineation, 1 more than specified in the Workplan. 

Installed 2 temporary off-site wells (TRHTMW 17 and TRHTMW 18), as specified in the Workplan. 

Installed 1 off-site permanent monitoring well (TRHMW3), in accordance with the Workplan. 

As required by the Workplan, performed 1 soil boring (TRHSB2) approximately 5 feet from ITMW2 
and collected 5 soil samples for analysis of FORP design parameters (% residual oil, % water, 
porosity, and bulk density). One sample was collected within the oil zone on the water table for 
grain size analysis. 

Measured the apparent thickness of oil in all existing and proposed wells in the plume area, in 
accordance with the Workplan. A total of 15 measuring events were performed. 

Performed free oil characterization on 2 samples collected from wells ITMW2 and TRHTMW 17 (1 
more than specified in the Workplan). GC fingerprintingNOA/viscosity analyses were performed 
on samples from wells ITMW2 and TRHTMW17. 

9.2.2 FORP Design Support Tasks 

Performed 2 baildown tests to determine true free oil thickness at wells ITMW2 and TRHTMW6, in 
accordance with the Workplan. 
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Evaluated the existing free oil recovery system (i.e., Interceptor Trench) to determine its ability to 
capture the free oil plume, as specified in the Workplan. 

9.3 Description of Hydrogeology 

Relevant information about the hydrogeology of the No. 2 Tank FieldtMain Building Area at Plume 12 
is presented in the following bulleted items: 

The shallow subsurface materials consist of fill, which was found to extend between 12 and 18 feet 
below the ground surface. The composition of the fill was extremely variable, but it was generally 
comprised of silt and fine to coarse sand, and gravel, with debris consisting of wood, slag, coal and 
construction materials. The fill is underlain by peattclay layers (Geraghty & Miller 1995). 

In the vicinity where the thickest apparent free oil was measured at Plume 12, the subsurface material 
near the water table consisted of very fine sand with trace to little silt, containing coal and slag. 

Grain size analysis of a soil sample collected from 12 feet to 13.1 feet in boring TRHSB2, which is 
adjacent to ITMW2, indicated that the soil was fine-grained. Specifically, the sample contained 
approximately 37% fine sand, 33% silt and clay, and the remaining 30% was composed of coarser 
sand and gravel particles. The results of this analysis is consistent with the soil descriptions for the 
interval near the water table given above. 

An unconfined groundwater zone is present in the fill on-site. The groundwater at the site is 
generally between 5 feet and 10 feet below the ground surface. 

The groundwater flow direction in the No. 2 Tank Field and Main Building Area is consistently to 
the north-northeast toward the Interceptor Trench (Figure 3-1). The hydraulic gradient in this area 
is 0.02. On the north side of the trench groundwater flow is to south toward the Interceptor Trench, 
based on data from two off-site wells. Thus, groundwater flow converges on the Interceptor Trench 
in this area. 

The groundwater is not influenced by the tide based on an analysis of depths to water taken at low 
and high tides. 

9.4 Free Oil Delineation Results 

9.4.1 Apparent Free Oil Thickness PIume 

Plume 12 is defined to 0.1 -foot apparent thickness contour, as required by the FORP Workplan 
(Figure 9-1). A total of 23 wells were used for the delineation. Thus, the horizontal extent of the 
plume has been confirmed, and no further delineation is required. 

Plume 12 occurs on the south side of the Interceptor Trench. It is generally circular in shape, 
however, the northern side is elongated in a northwest-southeast direction where the plume meets 
the Trench (Figure 9-1). The maximum apparent free oil thickness was 3.31 feet at ITMW2. 
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The apparent thickness plume is different from how it was depicted in the Geraghty & Miller (1995) 
report. The presence of free oil in several temporary wells installed southwest of the former plume 
provided justification for extending the apparent thiclcness of Plume 12 to the southwest Figure  9- 
1). This plume is not believed to extend north beyond the Trench, because free oil was not found in 
the wells installed on this side of the Trench; although free oil was initially detected in temporary 
well TRHTMW17, which was north of the trench, none was found in the permanent well 
(TRHMW3) installed at the same location. Also, GC fingerprint data, which is presented in a later 
section, suggests that the free oil on the south side of the Trench (at well ITMW2) is different than 
the free oil on the north side (at well TRHTMW17). 

- 9.4.2 True Free Oil Thickness 

Plume 12, based on its true free oil thicknesses, is oval-shaped and has a maximum free oil 
thickness of 0.55 feet (Figure 9-2). 

An exaggeration ratio of 6 was used for Plume 12. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 12 was derived using results from subsurface soil 

descriptions and .analyses, ratios of apparent to true free oil thickness published by EPA (1996), and 3 baildown tests 
completed at Plume 12 (Table 9-1). The subsurface material near the water table consisted of very fine sand with trace to 

little silt, containing coal and slag. These descriptions correspond to a soil type between a sandy loam and loam using the 

soil types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of apparent to true 
free oil thickness for a soil of this type ranges between approximately 2 and 6. In addition, the exaggeration ratios from the 

four tests ranged from 6.51 to 12.26, and the average exaggeration ratio was calculated to be 9.37. The average 

exaggeration ratio derived using the baildown tests is slightly greater than expected considering the grain size descriptions. 

Therefore, given the available data, an exaggeration ratio of 6 was used for Plume 12. The apparent free oil thickness and 

true free oil thickness data and graphs for the baildown tests at this plume are contained in Appendix J. 

9.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 12 are 
included on Table 9-2. These results support the physical free oil evidence from the wells that Plume 
12 is likely to be located only on the south side of the Interceptor Trench and that the free oil that was 
detected in the temporary well north of the trench may be from a different source. However, because 
no free oil was found in the permanent well that was installed in the same area as the temporary well, 
the free oil north of the trench is likely to be discontinuous. Results that support this are presented 
below. 

The free oil samples collected from well ITMW2 in the No. 2 Tank Field is comprised of a slightly 
weathered diesel fuel #2 or fuel oil #2 product and there were little to no gasoline range compounds 
present. The "simple" unmixed character of this oil could be used to argue that it is part of its own 
small free oil accumulation. This sample had a viscosity of 8.5 cs (Raviv, 1995). Free oil from 
well ITMW3 had a viscosity of 5.3 cs (Raviv, 1995). 

The free oil from temporary well TRHTMW17 to the north of the Interceptor Trench contained a 
mixture of moderately weathered mid-heavy fuel oil and a relatively unweathered gasoline range 
product(s). It is unlikely that there is a common source between the oils in this well and ITMW2 
based on the distinct products in these wells. The viscosity of the free oil from TRHTMW17 was 
7.0 cs. 
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Generally, the free oil from the two samples collected at Plume 12 had different total VOC 
concentrations (Table 9-2). The sample from ITMW2 contained one third more total VOCs 
compared to the sample from TRHTMW17. Also, BTEX was found only in the sample from 
ITMW2. 

The specific gravities of the free oil collected at wells ITMW2 and ITMW3, which are on the south 
side of the Trench, were 0.866. 

Analyses of soil profile samples from a soil boring approximately 5 feet from well ITMW2, which 
had a 2.98-foot apparent thickness of free oil during the FORP, showed that the percentages of oil 
and grease in six soil samples were between 1.32 and 2.71 (Table 9-3). The data indicated that the 
percentages of oil and grease were greater than 2% beginning at a depth just below the free oil in 
well ITMW2 (1 1.3 feet below the ground surface). However, when all the data are considered, 
there is no clear trend of increasing or decreasing oil percentages in the soil with depth. 

9.6 Potential Sources of Free Oil 

The operational histories of both the No. 2 Tank Field and the Main Building Area provide insight as to 
the potential sources of free oil at Plume 12. 

9.6.1 No. 2 Tank Field 

Areas of potential sources of free oil at the No. 2 Tank Field include above ground storage tanks, 
oillwater separators, process areas, sumps and sewers. The following bullets outline evidence for 
correlations between the current distribution of the free oil plumes on-site and the potential source areas 
identified at the No. 2 Tank Field: 

A release of fuel oil of unknown volume occurred at Tank 1005 in 1989, however, this location is 
not believed to be the source for the free oil at Plume 12 because it is approximately 450 feet from 
the current edge of the plume. 

While no conclusive sources of free oil were identified for Plume 12 in the No. 2 Tank Field, there 
were several operational features that were located near the thickest free oil in Plume 12, and based 
on this geographic relationship, they were potential sources. These features include an area of 
crude stills (pre-1920) that existed along the northern boundary of the No. 2 Tank Field, and two 
sweetening stills (pre-1920) that extended into the Main Building Area. 

Main Sewer Trunk Line #2 passes through the middle portion of the No. 2 Tank Field, 
approximately 120 ft south and hydraulically upgradient of the current boundary of the free oil 
plume. There were no major findings in this section of Trunk Line #2. Further, the configuration 
of the plume is not consistent with a release of free oil from the breaks in the line. In particular, 
one area along the western end of the line has a high number of breaks, however, a historical 
downgradient temporary well (N2TFSB6) had only 0.2 ft of free oil. 

9.6.2 Main Building Area 

Historical areas of potential releases of free oil at the Main Building Area include the above ground 
storage tanks, USTs, oillwater separators, process areas, sumps, and the sewers and septic systems. 
(Geraghty & Miller, 1994). The following bullets outline evidence for correlations between the 
current distribution of the free oil on-site and the potential source areas at the Main Building Area: 
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No releases of oil were noted in the Main Building Area that could potentially be sources of the free 
oil in Plume 12. 

While no conclusive potential source of free oil was identified for Plume 12 in the Main Building 
Area, there were several operational features that were located near the thickest free oil in Plume ' 

12, and based on this geographic relationship, they are potential sources. These features include an 
oillwater separator (1940) located along the Interceptor Trench, and sweetening stills (1920 through 
1945) 

There are no sewer lines near Plume 12 in the Main Building Area. The closest line is Lateral 1A 
of the Main Sewer Line #1, which is located approximately 250 feet northwest of the plume. This 
lateral line receives discharge from Sump A of the Interceptor Trench, and several other catch 
basins on the west side of the Storage Building. Sump A and the catch basins that mark the 
upgradient end of this lateral line are located hydraulically cross-gradient from Plume 12. 
According to sewer inspections, the invert elevations of the lines that make up Lateral 1A 
immediately west of the Storage Building are above the water table and no cracks were noted in the 
line. Thus, these collection points and the sewer lines are not likely sources for the free oil at 
Plume 12. 

9.7 Free Oil Pump Testing Results 

No free oil pump tests were performed in the wells at Plume 12. 

9.8 Description of Existing Free Oil Recovery System 

The Interceptor Trench is located immediately downgradient of Plume 12 and it has the potential to 
capture the free oil in the plume. The Trench is approximately 2,040 feet long and is constructed of 
12-inch diameter perforated vitrified-tile-pipe (VTP) installed with a gravel filler pack (Raviv, 1995); it 
is oriented from northwest to southeast along the northern boundary of the Main Building Area and the 
No. 2 Tank Field. Total fluids are pumped from the Trench system at Sump A and Avenue J Sump. 

According to Raviv (1995), the Trench extends along the entire length of the northwestern edge of 
Plume 12. Also, the groundwater flow at Plume 12 indicates that the free oil is directly upgradient of 
the trench. The fact that the Plume 12 is upgradient of the trench and that the northwestern edge of the 
plume is elongated where it meets the Trench, indicates that the trench has the potential to capture all 
of Plume 12. 

The results of a performance evaluation are presented by Raviv (1995). According to this report, 
"The results indicate that the hydraulic influences along the length of the trench are not uniform. The 
western portion of the Trench system is working adequately and so are approximately 1,000 feet of the 
eastern portion of the trench. The remaining 400 feet of the eastern portion of the trench, although not 
influenced by the pumping in Sump A, is operating due to the slope (hydraulic gradient) of the 
Trench. " 
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9.9 Conceptual Strategies for Free Oil Recovery Design 

The Interceptor Trench is located hydraulically downgradient of Plume 12. The close proximity of 
the plume to the trench, and the overall configuration of the plume at its northern edge, indicates 
that the Trench will contain Plume 12. 

The most appropriate remedial method for Plume 12 is to continue to collect oil in the existing 
Interceptor Trench. 



Table 9-1 

Baildown Testing Results for Plume 12 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Test Date 

9.37 Average Exaggeration Ratio 

Plume 12 - 
7/3/97 
1994 

7/1/97 

6 Applied Exaggeration Ratio I 

Well ID 

Page 1 of 1 

No. 2 Tank FieldlMain 
ITMW-2 
ITMW-2 
TRHTMW-6 

Data 
Source: 

P-Parsons 
R-Raviv 

Building 
P 
R 
P 

Apparent 
Oil 

Thickness 
in Well 

Areas 
3.31 
2.80 
1.59 

True Oil 
Thickness in 
Formation 

(feet) 

0.27 
0.30 
0.24 

Exaggeration 
Ratio 

12.26 
9.33 
6.5 1 

Comments 



Table 9-2 

Free Oil Analysis Information for Plume 12 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 
NA - Not Available. 

Well I.D. 

ITMW2 

ITMW3 

TRHTMW17 

GC Fingerprint Summary 
Description 

Slightly weathered diesel fuel #2 
or fuel oil #2 

NA 

Mixture of a moderatley 
weathered mid-heavy fuel oil 
(e.g., fuel oil #4, #5 , or #6), 
admixed with an unspecified, 
unweathered gasoline range 

product(s) 

GRO 
( O h )  

NA 

10 

Specific Gravity 

0.866 

0.866 

NA 

DRO 

(%) 

92 

NA 

74 

Total 
BTEX 

(ugrng) 

927,000 

NA 

0 

Viscosity 
(cs) 

8.5 

5.3 

7.0 

RRO 
(%) 

4 

NA 

17 

Total 
V0C1s 
(ugrng) 

30,667,000 

NA 

19,770,000 



Table 9-3 

Soil Profile Data for Plume 12 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Note: 

(I) NA = Not Available 

(2) The depth to water at TRHSB2 was approximately 14 feet below the ground surface. 

Sample # 

TRHSB2-4 

TRHSB2-6 

TRHSB2-8 

TRHSB2- I0 

TRHSB2- I I 

TRHSB2- 12 

Depth Range (feet) 

4.0 - 4.4 

6.0 - 6.6 

9.0 - 9.1 

10.0 - 1 1 . 1  

10.0 - 1 1 . 1  

12.0 - 13.1 

Oil & Grease (%) 

1.32 

2.42 

1.68 

2.4 1 

2.71 

2.19 

Moisture (%) 

NA 

24.63 

17.56 

17.79 

NA 

16.54 

Porosity 

NA 

0.47 

0.42 

0.32 

NA 

0.37 
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10.0 Plume 819 (Exxon Chemicals Plant and Utilities Area) 

10.1 Introduction 

In the FORP Workplan, Plumes 8 and 9 were depicted as separate free oil plumes in the Exxon 
Chemicals Plant Area and Utilities Area. Based on this FORP investigation findings, these two 
plumes were found to be one free oil plume, and not two plumes. Therefore, in the discussion below, 
Plumes 8 and 9 as shown in the Workplan, have been designated as Plume 819 in the maps created for 
the FORP (Figure 10-1 and Figure 10-2). 

Historically, the Exxon Chemicals Plant Area was occupied by crude stills, tanks associated with lube 
oil manufacturing, a series of ASTs associated with an inert gas plant, and a group of tanks for 
blending (Geraghty & Miller, 1995). In 1991, the Exxon Chemical Plant consisted of approximately 
14 small tank fields, with a total of 90 tanks, a hazardous waste drum storage area, a chemical 
wastewater separator, and a building that housed the process reactor vessels. Before 1970 and after 
1974, many of the process area structures in the eastern portion of the area were dismantled. During 
the period of 1991 through 1993, many structures in the Exxon Chemicals Plant Area were 
dismantled. Two sewer systems also serve the Exxon Chemicals Plant Area. A railroad car transfer 
area is located south of the tank farm areas. 

10.2 Field Work 

10.2.1 Free Oil Delineation Tasks 

Installed a total of 16 temporary wells at Plume 819. To investigate Plume 8 as shown in the 
Workplan, 9 temporary wells were installed, which is in accordance with the Workplan 
(ECATMWI, ECATMW2, ECATMW3, ECATMW4, ECATMWS, ECATMW6, ECATMW7, 
ECATMWS, and ECATMW9). To investigate Plume 9 as shown in the Workplan, 7 temporary 
wells were installed (2 more than specified in the Workplan) (ECUTMWI, ECUTMW2, 
ECUTMW3, ECUTMW4, ECUTMWS, ECUTMW6, and ECUTMW7). NJDEP permits for the 
installation of these wells are included in Appendix K. 

At Plume 8, installed 2 permanent wells (ECAMW1 and ECAMW2), which was in. accordance with 
the Workplan. 

As required by the Workplan at Plume 8, collected 8 soil samples during the installation of 
temporary wells ECATMW6 and ECATMW7. At Plume 9, performed I soil boring and collected 3 
soil samples (1 less than specified in the Workplan due to the relatively shallow water table). The 
soil samples were analyzed for FORP design parameters (% residual oil, % water, porosity, and bulk 
density). Also, three of these soil samples (1 more than specified in the Workplan) were collected 
within the oil zone on the water table for grain size analysis. 

Measured the apparent thickness of oil in all existing and proposed wells in the Exxon Chemicals 
Plant Area in accordance with the Workplan. In total, 13 measuring events were taken at Plume 8 
wells and 23 were taken at Plume 9 wells. 
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Performed free oil characterization on 4 samples, as required by the Workplan. The following 
analyses were performed: 1) GC finperprinting: GMMW18, MWOI, ECATMW3, and ECUTMW5; 
2) VOA: GMMW 18, MWOI, ECATMW3, and ECLTTMWS; and 3) Viscosity: GMMW 18, MWOI , 
ECATMW3, and ECUTMWS. 

10.2.2 FORP Design Support Tasks 

Performed baildown tests in a total of 4 wells at Plume 819. At Plume 8, performed 1 baildown test 
(ECAMW2) (3 less than specified in the Workplan because the plume did not cover an area as large 
as originally expected). At Plume 9, performed 3 baildown tests (MWO 1, GMMW 18, and 
ECUTMW5) (1 more than proposed in the Workplan). 

Performed free oil recovery rate testing at 3 wells (ECAMW2, GMMW5, and GMMW 18) (1 less 
than specified in the Workplan). 

Prior to the test at ECAMW2, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (ECATOWI through 3), as required by the Workplan. Performed free oil skimmer testing, 
total dual fluids pumping, and vacuum enhanced testing at this well, as required by the Workplan. 

Prior to the test at GMMWS, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (ECUTOW4 through 6). Performed vacuum enhanced testing at this well to determine if this 
method could induce oil to flow to this well, which according to a Geraghty & Miller (1 995) map 
had 4.67 feet of oil, however, none was measured during the FORP investigation. The free oil 
skimmer testing and total dual fluids pumping were not performed at this well because the vacuum 
enhanced testing was deemed to be the most effective method. 

Prior to the test at GMMW 18, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (ECUTOW 1 through 3). Performed free oil skimming test, total dual fluids pumping test, 
and vacuum enhanced testing at this well, as specified in the Workplan. 

10.3 Description of Hydrogeology 

The subsurface materials at the Exxon Chemicals Area are composed of fill. In the northern part of 
the area (near the former Plume 8), the fill extended to a depth of up to 16 feet and it is composed of 
fine to coarse sand and gravel with some coal and slag material. Below the fill, a peat layer was 
encountered. In the southern portion of the area (near the former Plume 9), the fill consists of fine to 
coarse sand with coal, slag, and brick, but within this fill are areas of silt/clay fill (from 4 to 6 feet 
below ground surface). Below the silt/clay zone is fine sand. This general stratigraphy (i.e., fill 
overlying a peat layer) is similar to the stratigraphy presented in Geraghty & Miller (1995). 

In the vicinity where the thickest apparent free oil was measured at Plume 819, the subsurface material 
near the water table consisted of fine to coarse sand, trace silt, trace gravel with some area containing 
slag and crushed coal; some areas of the site also have silty layers near the water table (ECAMW2). 

Page 10-2 
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Grain size analyses were performed on three samples collected near the water table in the Exxon 
Chemicals Plant Area. Two of the samples contained 53% and 61% of fine sand/siltlclay materials 
while another sample was less fine-grained and contained only 34% of these same materials. 
Specifically, one sample fiom the northern portion of the area was collected fiom 12.0 feet to 12.6 
feet in a boring performed for the installation of temporary well (ECATMW6). This sample 
contained approximately 25% fine sand, 36% siltlclay, and the remaining 39% was composed of 
coarser sand and gravel particles. Another sample collected fiom 10.0 feet to 10.7 feet at ECATMW7 
(in the northern portion of Plume 819) contained approximately 24% fine sand, 10 % siltlclay, and the 
remaining 66% was composed of coarser sand and gravel. The last sample was collected fiom 8.0 
feet to 8.6 feet in boring ECUSB1 and contained 22% fine sand and 31% siltlclay and the remaining 
47% was composed of coarser materials. The results of these analyses are generally consistent with 
the soil descriptions for the interval near the water table given above. 

An unconfined groundwater zone is present in the fill at No. 3 Tank Field, and groundwater is 
approximately 7 feet and 8 feet below the ground surface. 

The groundwater flow direction is to the southeast toward the Kill Van Kull Waterway (Figure 3-1). 
In the southern portion of the Exxon Chemical Plant Area, a small groundwater mound protrudes to 
the southeast which directs flow to the south and east, as well as to the southeast. The hydraulic 
gradient in this area ranges between 0.002 and 0.008. 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken in monitoring wells at low and high tides. 

10.4 Free  Oil  Delineation Results 

10.4.1 Apparent Free Oil Thickness 

Plume 819 is defined to 0. l-foot apparent thickness contour, as required by the FORP Workplan 
(Figure 10-1). A total of 33 wells were used for delineation. Thus, the horizontal extent of the plume 
has been confirmed, and no further delineation is required. 

Plume 819 is roughly circular in shape, except that it is slightly elongated to the southeast on its 
downgradient end (Figure 10-1) . The maximum apparent free oil thickness was 4.05 feet at well 
MWOI . The configuration of Plume 819, as depicted in this FORP, is significantly different fiom how 
it was depicted in the Geraghty & Miller (1995) report. The absence of fiee oil wells in the northern 
part of the Exxon Chemicals Plant, and the presence of fiee oil in well MWO1, provided justification 
for joining these two plumes (formerly 8 and 9) into one. Also, the general shape of Plume 819 
conforms to the expected direction of elongation based on groundwater flow, which is to the 
southeast. 

10.4.2 True Free Oil Thickness 

Plume 819, based on its true free oil thicknesses, is generally similar to that for the apparent fiee oil 
plume, except that the southern extension of the plume is absent (Figure 10-2). The maximum true 
free oil thickness of 0.68 feet was at well MWO1 

An exaggeration ratio of 6 was used for Plume 819. 
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Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 819 was derived using results from subsurface 

soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and baildown tests 

completed at Plume 819 (Table 10-1). The subsurface material near the water table consisted of fine to coarse sand, trace silt, 

trace gravel with some area containing slag and crushed coal; some areas of the site also have silty layers near the water table 

(ECAMW2). These descriptions correspond to a soil type between a sandy loam and loam using the soil types given on the 

exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of apparent to true free oil thickness for a 

soil of this type ranges between approximately 2 and 6. In addition, the exaggeration ratios from 4 baildown tests ranged 

from 6.29 to 14.82, and the average exaggeration ratio was calculated to be 8.42. The average exaggeration ratio derived 

using the baildown tests is greater than expected considering the grain size descriptions. Therefore, given the available data, 

an exaggeration ratio of 6 was used for Plume 819. The apparent free oil thickness and true free oil thickness data and graphs 
for the baildown tests at this plume are contained in Appendix K. 

10.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 819 are 
included on Table 10-2. Results from the characterization are presented below. 

Each of the four free oil samples collected from Plume 819 in the Exxon Chemicals Plant Area 
(GMMWl8, MWO1, ECATMW3, and ECUTMWS) had a distinct fingerprint, which suggests that 
many sources have contributed to the plume (Table 10-2). 

Three of the four wells considered within Plume 819 contained oil comprised of mixtures of different 
product types. The wells were ECATMW3, ECUTMWS, and MWO1. A xylene-dominant gasoline 
range product occurred in all three wells (the product is a C8 aromatic solvent, not an automotive 
gasoline), which argues for a shared source within the plume. Also, ECATMW3 and MWOl each 
contain an unusual lube oillasphalt product further supporting a shared source andlor continuity 
between these wells. However, as noted above, there are also numerous differences between these 
three oils. These differences tend to argue for multiple sources within Plume 819. 

The fourth well, GMMW18, contained oil that is distinct among the Plume 819 wells studied. This 
well, located at the southern boundary of the property, contained a moderately weathered diesel fuel 
#%/fuel oil #2 that was not observed in the other Plume 819 wells. This suggests that this well has a 
distinctive source not found at the other Plume 819 well locations. 

The viscosities of these four samples are all very different. Generally, the percentages of GRO, 
DRO, and RRO in three of the four samples (MWOl, ECATMW3, and ECUTMWS) are similar, 
while the percentages of DRO and RRO for sample GMMW18 are different from the other three 
(Table 10-2). 

The volatile organic compound (VOC) concentrations were different in all four samples at Plume 819 
(GMMW18, MWOl,,ECATMW3, and ECUTMWS), which also suggests that multiple sources of oil 
are likely are Plume 819. 

The specific gravity of oil from wells GMMWl8 and GMMWS are 0.870 and 0.853, respectively. 

Page 10-4 
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Analyses of soil profile samples at boring ECATMW6 (north of Plume 819) the subsurface soil 
samples contained decreasing percentages of oil with depth, however, the percentages were all below 
1%. At ECATMW7, in the northeastern portion of Plume 819, the percentage of oil in soil was 
similar (between 4% and 6%) from 4 feet to 10 feet below the ground surface; the nature of this 
profile suggests that this location is in or near a source area. At boring ECUSB1, the % oil was 
approximately 2% at the surface and decreased dramatically (between 0.04% and 0.15%) at 6 feet 
and 8 feet. This boring was performed near well GMMW5, which had 4.67 feet of oil on the 
Geraghty & Miller map (1995), but had only 0.05 feet during the FORP. 

10.6 Potential Sources of Free Oil 

Historical areas of potential sources of free oil at the Exxon Chemicals Plant include above ground 
storage tanks, USTs, drum storage areas, loading and unloading areas, process areas, sumps, and sewer 
and septic systems (Geraghty & Miller, 1994). Also, seven spills greater than 100 gallons have been 
documented at the Exxon Chemicals Plant Area. The materials spilled have been a variety of Exxon 
formulas, cyclohexane, and slop oil. The known volumes spilled ranged from 100 gallons to 6,000 
gallons. 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the Exxon Chemicals 
Plant Area: 

The thickest apparent free oil (4.05 feet at MWO1) is associated with an area of the site that was 
occupied by several operations/processes, most notably a filling shed (1945), a drum storage area, and 
Paraflow stills (1960), however, there is no documentation of a release of oil from these operations. 

In 1988, a 6,000-gallon release of cyclohexane occurred at Tank 736, which is located in the east- 
central portion of Plume 819. This release is, therefore, a potential source for the oil at Plume 819. 

In 1987, a 100-gallon spill of oil occurred at the blending and product tanks located immediately 
north of the railroad tracks in the central portion of the plume. This release may also have contributed 
to the oil in the plume. 

Main Sewer Trunk Line #3 passes through the Exxon Chemicals Plant Area. There are several 
portions of the main line and its laterals in the bounds of the plume for which major findings have 
been reported to NJDEP. These pipes are not submerged below the groundwater indicating that they 
may be areas that could potentially leak oil. Overall, these findings are not consistent with oil leakage 
from the sewers as a significant source of free oil. The majority of the findings are within upgradient 
portions of the plume and are not associated with apparent source areas. It is possible that the broken 
and missing pipe section between MH3A-6 and MH3-14 could have contributed to the observed free 
oil thickness at ECAMW2. 

10.7 Free Oil Pump Testing Results 

Free oil pump tests were performed at wells GMMW 18, ECAMWI, and GMMW5 in the Exxon 
Chemicals Plant Area, which is a non-tidal area. The results of the tests are summarized below. The 
detailed results are contained in Appendix K. 
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At well GMMW 18, which is where approximately I .5 feet of apparent thickness of free oil was 
measured during the FORP, the sustained oil recovery rates for the skimmer test, total dual fluids 
pumping test and the vacuum enhanced pumping test were variable (Table 10-4). No sustained oil 
recovery was achieved during both the skimmer test and vacuum enhanced test. A recovery rate of 
0.001 gprn was recorded during the total dual fluids pumping test. During this test, the radius of 
groundwater influence was between 5 feet and 10 feet, using a groundwater pumping rate of 
approximately 0.7 gpm. 

At well ECAMW2, which is where a maximum of 2.7 feet of apparent thickness of free oil was 
measured during the FORP, the sustained oil recovery rates for the skimmer test, total dual fluids 
pumping test and the vacuum enhanced pumping test ranged from no recovery to 0.035 gpm, 
respectively (Table 10-4). The recovery rate was highest (0.035 gpm) for the vacuum enhanced test. 
During the total dual fluids test, the radius of groundwater influence was between 10 feet and 50 feet, 
using a groundwater pumping rate of up to 0.15 gpm. 

The test at well GMMW5, which had only 0.05 apparent thickness of free oil during the FORP, was 
performed to determine if the test would cause additional oil to flow to the well, as this well was 
reported by Geraghty & Miller (1 994) to have over 4 feet of oil. The testing began with the vacuum 
enhanced test, because this was deemed the method that would have the best chance to draw oil from 
the formation into the well. No sustained oil recovery was attained during this test. 

10.8 Description of Existing Free Oil Recovery System 

There is no existing free oil recovery system at Plume 819. 

10.9 Conceptual Strategies for Free Oil Recovery Design 

The pump test results indicate that sustained free oil recovery rates were below 0.1 gprn at Plume 819. 
At ECAMW2, which is in the northeastern portion of the site, the maximum sustained free oil 
recovery rate was 0.035 gprn during the vacuum enhanced test. Another test performed at GMMWl8 
in the southwestern portion of the plume, indicated that the best oil recovery rate was obtained with 
the total dual fluids pump test, although this rate was relatively low (0.001 gprn). The radius of 
groundwater influence for this test was between 5 feet and 10 feet. While GMMW5 had only 0.05 
feet of oil for the FORP, no oil could be induced to flow to this well using vacuum enhanced methods, 
even though this well contained over 4 feet of oil (apparent thickness) in 1994. 

At Plume 819, sustained free oil recovery is not practicable at this time, based on comparison to the 
0.1 gprn oil recovery criterion. Conceptual remedial methods for oil recovery that will be evaluated, 
even though the yields are anticipated to be less than 0.1 gpm, include sustained total dual fluids or 
vacuum enhanced pumping. In addition, another conceptual remedial alternative is installation of an 
interceptor trench along the southern portion of the plume, immediately south of GMMW 18. This 
would collect free oil that occurs within the plume, and it would also prevent any off-site migration of 
free oil. 

At Plume 819, other information that should be considered for design of a free oil recovery system is 
as follows: 1) Railroad tracks bound the area to north, south and west; (2) foundations are covered by 
the existing facility at many locations; (3) the area has numerous buried water, sewers, and electrical 
lines; (4) Plant operations can limit access to the area; and (5) Chemical plant piping extensively 
limits access in this area. 
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Table 10- 1 

Baildown Testing Results for Plume 819 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

I I I I I I 
Plume 819 -Chemical Plant and Asphalt Areas 

. .  . 

7/9/97 GMMW 18 P 1.88 0.30 6.29 
711 7/97 GMMW 18 P 1.88 0.30 6.29 Not included in average 
711 5/97 ECIJTMWS P 1.44 0.23 6.29 

Comments Test Date 

8.42 Average Exaggeration Ratio 

6 Aaalied Exaggeration Ratio 

Exaggeration 
Ratio 

Well ID Data 
Source: 

P-Parsons 
R-Raviv 

Apparent 
Oil 

Thickness 
in Well 

True Oil 
Thickness in 
Formation 

(feet) 



Table 10-2 

Free Oil Analysis Information for Plume 819 

Free Oil Recovery Project 

Exxon Company, USA 

Bayonne, New Jersey 

Notes: 
NA=Not Available 

Well I.D. 

GMMW18 

GMMW5 

MWOI 

ECATMW3 

ECUTMW5 

Specific Gravity 

0.870 

0.853 

N A 

N A 

N A 

GC Fingerprint Summary 
Description 

Moderately weathered middle 
distillate product, e.g., diesel 

fuel #2 or fuel oil #2 

N A 

Aromatic solvent (xylene) 
mixed with lube oil or asphalt 
type product@) and possible 
moderately weathered crude 

oil background 

Aromatic solvent (xylene) 
mixed with severely 

weathered automotive 
gasoline, and lube oil or 

asphalt type products 

Aromatic solvent (xylene) 
mixed with moderately 

weathered crude oil 
background 

Total BTEX 

(ugfl<g 

0 

N A 

2,190,000 

1,180,000 

55,900 

Viscosity 

(cs) 

3.8 

N A 

36.1 

1.6 

16.4 

GRO 

("/.I 

6 

NA 

7 

5 

4 

Total VOC's 

(ugfl<g) 

10,8 10,000 

N A 

26,627,000 

3 1,670,000 

12,224,900 

DRO 

("/.I 

89 

NA 

5 1 

55 

57 

RRO 

("/.I 

5 

NA 

41 

4 1 

38 



Table 10-3 

Soil Profile Data for Plume 819 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

( I )  NA =Not Available 

(2) The depth to water in ECATMW6 was approximately 12.5 feet below the ground surface. 

(3) The depth to water in ECATMW7 was approximately 8 feet below the ground surface. 

(4) The depth to water in ECUSBI was approximately 6 feet below the ground surface. 

SAMPLE No. 

ECATM W6-2 

ECATMW6- 10 

ECATMW6- 1 2 

ECATMW7-4 

ECATMW7-6 

ECATMW7-8 

Depth (feet) 

2.0 - 3.0 

10.0 - 11.3 

12.0 - 12.6 

4.0 - 4.9 

6.0 - 6.7 

8.0 - 8.9 

Oil & Grease (%) 

0.78 

0.37 

0.05 
- 

6.8 1 

6.69 

4.1 1 

0.5 1 

NA 

0.44 

0.32 

0.3 1 

ECATMW7- 10 

ECATMW7- 12 

ECUSB 1-2 

ECUSB 1-6 

ECUSB 1-8 

Moisture (%) 

3 5.97 

28.88 

19.12 

23.94 

4.45 

19.90 

10.0 - 10.7 

12.0 - 12.6 

2.0 - 2.8 

6.0 - 7.0 

8.0 - 8.6 

Porosity 

0.49 

0.44 

0.35 

0.38 

0.3 1 

0.4 1 

6.32 

0.86 

2.03 

0.04 

0.15 

29.19 

NA 

10.10 

1 1.64 

12.93 



Table 10-4 

Pump Test Results for Plume 819 

Free Oil Recovery Projed 
Euon Company, USA 
Bayonne, New Jersey 

Well ID 

ECAMW 

GMMW5 

GMMW18 

NAPL Skimmer Tests Total (dual) Fluids Pumping Tests 
Date 

8/14/97 P 62 0.000 

NoTest 

7/18/97 P 50 0.000 

Duration 
(min.) 

Vacuum Enhanced Total (dual) Fluids Pumping Tests 
S 
o 
u 
r 
c 
e 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

Date 

8H5197 P 47 0.000 >I0  c50 0.03 1.2 0.025 
8/15/97 P 65 0.005 > I0  <50 0.10 3.4 0.029 
8/15/97 P 50 0.014 >I0  <50 0.15 4.4 0.033 

NO Test 

7/21/97 P 71 0.001 s5 <I0  0.4 0.8 0.482 
7/21/97 P 60 0,001 s5 c10 0.7 3.5 0.203 
7/21/97 P 33 0.001 >5 <I0  0.8 4.9 0,152 

Duration 
(min.) 

S 
o 
u 
r 
c 
e 

Date 

8/15/97 P 100 0.035 4 0  0.38 4.6 50 

8/18/97 P 106 0,000 4 0  0.11 4.9 50 

7/22/97 P 157 0.000 >50 0.95 4.9 50 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

S 
o 
u 
r 
c 
e 

Duration 
(mln.) 

Radius of influence - 
vac (feet) 

Radius of Influence - 
gw (feet) 

Ground 
Water 

Pumping 
Rate 

(gpm) 

Ground 
Water 

Pumplng 
Rate 

(gpm) 

Q 

Sustained 
Ground 
Water 

Drawdow 
n (feel) 

Sustained 
Ground 
Water 

Drawdow 
n (feet) 

s 

Applied 
Vacuum 

(In of H,O) 

Specltic 
Capacity 
(gpmlfl of 

drawdown) 

01s 
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11.0 Plume 10 (No. 3 Tank Field) 

11.1 Introduction 

Plume 10 exists at the No. 3 Tank Field (Figure 11-1 and Figure 11-2). 

The No. 3 Tank Field consists of nine above ground tanks in three bermed areas. The tanks contained 
gasoline, hydrotreated light naphtha, light naphtha, asphalt, #2 fuel oil, and residual fuel oil. Since 
1940, the No. 3 Tank Field has been used for storage of various liquid products. Currently, operations 
have not changed appreciably. 

11.2 Field Work 

11.2.1 Free Oil Delineation Tasks 

Four temporary on-site wells (1 more than required by the FORP Workplan) were installed in the No. 
3 Tank Field (3TFTMW5,3TFTMW6,3TFTMW7, and 3TFTMW9). NJDEP permits for the 
installation of these wells are included in Appendix L. 

Installed 5 temporary off-site wells (3TFTMW1, 3TFTMW2,3TFTMW3, 3TFTMW4, and 
3TFTMW8) as specified in the Workplan. 

In December of 1998, installed two additional temporary off-site wells (3TFTWM10 and 
3TFTMW11) to define the southern and southeastern extent of this plume. 

As required by the Workplan, installed 2 permanent off-site wells at the No. 3 Tank Field (3TFMW2 
and 3TFMW3). 

As required by the Workplan, performed 1 soil boring (3TFSB1) near existing well GMMW7. 
Collected 3 soil samples (one less than specified in the Workplan due to the relatively shallow water 
table) for analysis of FORP design parameters (% residual oil, % water, porosity, and bulk density). 
Also, one of these soil samples collected within the oil zone on the water table was analyzed for 
grain size. 

Measured the apparent thickness of oil in all existing and proposed wells in the No. 3 Tank Field in 
accordance with the Workplan. In total, 26 measuring events were taken. 

Performed free oil characterization on 3 on-site samples (1 more than specified in the Workplan) and 
2 off-site samples (3 less than specified in the Workplan because of the lack of free oil in off-site 
wells). The following analyses were performed: 1) GC fingerprinting: GMMWI 6, GMMW7, 
3TFTMW2,3TFTMW4, and 3TFTMW9; 2) m: GMMW16, GMMW7,3TFTMW2, and 
3TFTMW9; and 3) Viscosity: : GMMW16, GMMW7,3TFTMW2,3TFTMW4,3TFTMW4 ,and 
3TFTMW9. 

11.2.2 FORP Design Support Tasks 

In accordance with the Workplan, 6 baildown tests were performed in the No. 3 Tank Field 
(GMMW7, GMMWI 6,3TFTMW2,3TFTMW4,3TFTMW6, and 3TFTMW9). 

Page 11-1 
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As specified in the Workplan, performed free oil recovery rate testing at 2 wells (GMMW7 and 
GMMW 16). 

Prior to the test at GMMW7, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (3TFTOW4 through 6), as required by the Workplan. Performed free oil skimmer testing, total 
dual fluids pumping, and vacuum enhanced testing at this well, as noted in the Workplan. 

Prior to the test at GMMW16, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (TRHTOW I through 3). Performed free oil skimmer testing and total dual fluids pumping 
at this well, as noted in the Workplan; vacuum enhanced testing was not necessary because the 0.1 
gpm free oil recovery rate was achieved with the total dual fluids pumping. 

11.3 Description of Hydrogeology 

The subsurface materials are composed of fill to depths of up to 12 feet below the ground surface. 
The fill consists predominantly of clay, silt, and fine sand, overlying fine to coarse sand; the fill also 
contains varying amounts of coal and slag material. Below the fill is an organic silt and clay (i.e., 
peat) layer. The presence of an organic silt and clay layer (or peat) in several of the borings 
performed for the FORP confirmed the depth to the base of the fill. Also, the presence of a peat layer 
beneath the fill was confirmed by the stratigraphy presented in Geraghty & Miller (1 995); this report 
states that peat (or meadow mat) is at least 2 feet thick. 

In the vicinity of where the thickest apparent free oil was measured at Plume 10, the subsurface 
material near the water table consisted of very fine sand with trace silt, and areas entirely of silt. 

Grain size analysis of a soil sample collected from 6.0 feet to 7.2 feet in a boring performed adjacent 
to well GMMW7 indicated that the subsurface fill material is extremely fine-grained. Specifically, 
the sample contained approximately 66% fine sand, 18% silt and clay, and the remaining 16% was 
composed of coarser sand and gravel particles. The results of this analysis is consistent with the soil 
description for the interval near the water table in the borings mentioned above. 

An unconfined groundwater zone is present in the fill at No. 3 Tank Field, and groundwater is 
generally between 5 feet and 6 feet below the ground surface. 

The groundwater flow direction is to the south-southeast toward the Kill Van Kull Waterway (Figure 
3-1). Also, a small groundwater mound is present immediately south of the No. 3 Tank Field. The 
hydraulic gradient is approximately 0.004 in the No. 3 Tank Field. 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken in monitoring wells at low and high tides. 

11.4 ~ ; e e  Oil Delineation Results 

11.4.1 Apparent Free Oil Thickness 

Plume 10 is defined to 0.1-foot apparent thickness contour, as required by the FORP Workplan 
(Figure 11-1). A total of 22 wells were used for the delineation. Thus, the horizontal extent of the 
plume on-site has been confirmed. 

\\ParesbosOl \~~~~\PROJDATA\ENG\EXXON\BAYONNE\ICI\REPORT\~~~~~REV\PLM~~~.DOC Page 11 -2 
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Plume 10 is oval-shaped. It covers the southern portion of the No. 3 Tank Field and extends to off- 
site properties south of Lower Hook Road (Figure 11-1). The maximum free oil thickness Gust over 
8 feet) was measured in three wells (GMMW 16, 3TFTOW3, and 3TFTMW9), all of which are 
located within the No. 3 Tank Field. The maximum free oil thickness in an off-site well was 7.65 
(3TFTMW2). The plume is elongated in a direction that conforms to the expected direction of 
elongation based on groundwater flow, which is to the south-southeast. 

The configuration of Plume 10, as depicted in this FORP, is different from how it was depicted in the 
Geraghty & Miller (1995) report. The main difference is that now it extends off-site beyond Lower 
Hook Road. 

11.4.2 True Free Oil Thickness 

Plume 10, based on true free oil thickness, is generally similar to that for the apparent free oil plume 
(Figure 11-2 ). The maximum true free oil thickness (approximately 1.5 feet) was at the same three 
wells that had the maximum apparent free oil thickness. 

An exaggeration ratio of 5 was used for Plume 10. 

Derivation of Exaggeration Ratio: The exaggeration ratio was derived using results from subsurface soil descriptions 

and analyses, ratios of apparent to true free oil thickness published by EPA (1996) and baildown tests completed at the No. 3 

Tank Field (Table 11-1). The subsurface material near the water table consisted of very fine sand with trace silt; and areas of 

entirely silt. We interpret these descriptions to correspond to a soil type between sandy loam and silt loam using the soil 

types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of apparent to true free 

oil thickness for a soil of this type has a range of between approximately 2 and 8. In addition, the exaggeration ratios from 6 

baildown tests were all 5.13. This exaggeration ratio is similar to what would be expected considering the grain size 

descriptions. Therefore, given the available data, an exaggeration ratio of 5 was used for Plume 10. This ratio is in the 

middle of the range cited by EPA (1996) for these types of soil. The apparent free oil thickness and true free oil thickness 

data and graphs for the baildown tests at this plume are contained in Appendix L. 

11.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 10 are 
included on Table 11-2. Results from the characterization are presented below. 

The free oil samples collected from 4 of the 5 wells in Plume 10 (GMMW7,3TFTMW2, 
3TFTMW4, and 3TFTMW9) each appear to contain a similar mixture of moderately weathered 
diesel fuel/fuel oil #2 product and an unweathered, unidentified gasoline range product(s). The 
similarity and proximity among these oils and wells suggests that they share common sources and 
are likely to be within the same plume. It is notable that the off-site well, 3TFTMW2, contained an 
oil related to the on-site wells (GMMW7 and 3TFTMW9). The viscosities of three of the four 
samples are very similar, however, the sample from 3TFTMW4 had a viscosity that was 
approximately nine times that of the other samples. The percentages of GRO, DRO, and RRO in 
these four samples were similar (Table 11-2). 
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The free oil sample from well GMMW16 (an on-site sample) is chemically distinct from the other 
four samples in Plume 10. Its gasoline range component may be related to that in the other Plume 10 
wells, yet the moderately weathered diesel fuel component appears to be less abundant and has a 
distinct PrtPh ratio. The latter argues that it may have had a distinct source. In addition, the 
GMMW 16 oil contains a lube oil component that is absent from the other Plume 10 wells. The 
viscosity of this oil was similar to that for the other four samples. Also, this sample contained the 
lowest DRO percentage and the highest RRO percentage of all five samples collected in Plume 10. 

The VOC concentrations in 4 of the 5 wells in Plume 10 (GMMW7,3TFTMW2,3TFTMW4, and 
3TFTMW9) are approximately the same. Free oil from GMMWI 6 contained a slightly higher 
concentration of total VOCs, compared to the other 4 samples. This data provides additional 
evidence of how the sample from GMMW16 is different than the other four samples. 

The specific gravity of oil from wells GMMW7 and GMMW 16 are 0.841 and 0.830, respectively 

Analysis of soil profile samples from a soil boring near well GMMW7, which had approximately 6 
feet of apparent free oil thickness during the FORP, showed that the percent of oil and grease in the 
soil samples increases with depth to approximately 6 feet, which was near the water table (Table 11- 
3). The laboratory data for percent oil is contained in Appendix L. 

11.6 Potential Sources of Free Oil 

Areas of potential sources of free oil at the No. 3 Tank Field include above ground storage tanks, 
oiltwater separators, and sewer and septic systems (Geraghty & Miller, 1994). 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the No. 3 Tank Field: 

A spill of powerformer feed (which is liquid naphtha, a light grade oil generated in the atmospheric 
pipe stills (Geraghty & Miller, 1995) originated at Tank 920 in the No. 3 Tank Field. This tank is 
located at the upgradient end of Plume 10 and is a potential source of free oil in the plume. 

An unknown volume of petroleum product was believed to have been released from Tank 916, based 
on a 1987 inspection that found several holes in this tank. This tank is located approximately 200 feet 
beyond (upgradient) the northwestern extent of Plume 10. 

Main Sewer Trunk Line #4, and many of its lateral lines, are located predominantly within the No. 3 
Tank Field. Several major findings have been reported to NJDEP. Two of these findings involve 
poles through pipes near MH4-4, which is near the head of the plume. It is, however, entirely outside 
the plume boundary making it a dubious source of this substantial plume. A finding between MH4A- 
2 and MH4A-3 is upgradient from Tank 916, where leakage occurred. The balance of the findings are 
downstream of Plume 10 and are not considered potential sources. 

11.7 Free Oil Pump Testing Results 

Free oil pump tests were performed at wells GMMW7 and GMMW16 in the No. 3 Tank Field, which is 
a non-tidal area. The results of the tests are summarized below. The detailed results are contained in 
Appendix L. 
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At well GMMW7, which is where approximately 6 feet of apparent thickness of free oil was 
measured, the sustained oil recovery rate for the skimmer test ranged from 0.04 to 0.12 gprn (Table 
11-4). For the dual fluids pump test, the maximum sustained free oil recovery rate was 
approximately 0.09 gpm. The vacuum enhanced test resulted in free oil recovery rate that was two 
times better (0.25 gpm) than the previous two testing methods. During the dual fluids pump test at 
GMMW7, the radius of groundwater influence was between 10 feet and 50 feet, using a groundwater 
pumping rate of approximately 0.05 gpm. 

At well GMMW16, free oil recovery for the skimmer test was measured at a maximum of 0.025 
gpm. For the dual fluids pump test, the sustained free oil recovery rate was measured at a maximum 
of 0.30 gpm. For this pumping test, the radius of groundwater influence was between 10 feet and 50 
feet, using a groundwater pumping rate of 0.3 gpm. A vacuum enhanced test was not performed at 
this well because the 0.1 gprn cut-off criteria for free oil recovery was met in the dual fluids pumping 
test. 

11.8 Description of Existing Free Oil Recovery System 

There is 110 existing free oil recovery system at Plume 10. 

11.9 Conceptual Strategies for Free oil Recovery Design 

The pump test results indicate that sustained free oil recovery rates were up to 0.30 gprn at Plume 10. 
At GMMW7, the maximum sustained free oil recovery rate was 0.25 gprn during the vacuum 
enhanced, while at GMMW 16 the maximum rate of 0.30 was obtained during the dual fluids pumping 
test. The radius of groundwater influence during the dual fluids test was between 10 feet and 50 feet. 

At Plume 10, the most appropriate conceptual methods for oil recovery include sustained skimming, 
total dual fluids or vacuum enhanced pumping. Another conceptual remedial alternative is 
installation of an interceptor trench along the southern portion of the No. 3 Tank Field, immediately 
north of Lower Hook Road. This would collect free oil that occurs within the No. 3 Tank Field, and it 
would also prevent any further off-site migration of free oil. 

At Plume 10, other information that should be considered for design of a free oil recovery system are 
as follows: 1) Old foundations from now-demolished facilities, and concrete berms interfere with 
plume definition, (2) Large amounts of clay were hauled in to be part of the tank lining systems at the 
No 3.  Tank Field; (3) Utility locations for Chem. South are not well known (4) Permission for access 
to off-site locations may be necessary for free oil recovery system installation; (5) Public utilities in 
Lower Hook Road (gas, water, storm sewer, domestic sewer force main), require "Dig-Safe" (or 
equivalent) notification and clearance before proceeding; (6) Plant operations can limit access to the 
No. 3 Tank Field; and (7) The #3 Tank field has been defined as an area of high density chromium 
contamination, with lower density contamination in other parts of the plume area. 



Table 11-1 

Baildown Testing Results for Plume 10 

Free Oil Recovery Project 

Exxon Company, USA 
Bayonne, New Jersey 

5.13 Average Exaggeration Ratio 

Test Date 

I 5 Applied Exaggeration Ratio 

Well ID Data 
Source: 

P-Parsons 
R-Raviv 

Plume 10 - #3 Tank Field/ Chem South 
5.99 
7.83 
7.83 
7.79 
3.09 
5.91 ' 

5.91 
8.29 

7/9/97 
7/8/97 
7/11/97 
911 5/97 
7/8/97 
7/8/97 
711 1/97 
811 1/97 

Apparent Oil 
Thickness in 
Well (feet) 

1.17 
1.53 
1.53 
1.52 
0.60 
1.15 
1.15 
1.62 

GMMW7 
GMMW 16 
GMMW16 
3TFTMW2 
3TFTMW4 
3TFTMW6 
3TFTMW6 
3TFTMW9 

True Oil 
Thickness in 
Formation 

(feet) 

P 
P 
P 
P 
P 
P 
P 
P 

5.13 
5.13 
5.13 
5.13 
5.13 
5.13 
5.13 
5.13 

Not Included in average 

Not Included in average 

Exaggeration 
Ratio 

Comments 



Table I 1-2 

Free O i l  Analysis lnfonnat ion fol.Plume 10 

Free 011 Recovery Pro,ject 

Exxon Company. USA 

Bayonne. New Jersey 

Notes: 

NA=Not Available 

Specilic Grnvity 

0 830 

0.841 

NA 

N A 

N A 

N A 

Well I.D. 

Gh{MW16 

GMMW7 

ITFTMW2 

3TFTMW2Q 

3TFTMW4 

3TFTMW9 

C C  Fingerprint Stlmmary 

Descriplion 

Unspccilied gasoline range product. 
probably not gasoline, admixed with 
n~odcratcly wealhered diesel fuel #2 

and minor l~~beoil/asphalt 

Moderately weathered diesel fuel 
#2/fuel oi l  #2 admixed with an 

unwialhered, unspecified gasoline 
range product, probably not sasoline 

Moderately weathered diesel fuel 
M2Ifuel oi l  M2 admixed with an 

unweathered, unspecified gasoline 
range product. probably not gasoline 

Moderately   vent he red diesel fuel 
M2lfuel oi l  #2 admixed with an 

unweathered, unspecilied gasoline 

range product, probably not gasoline 

Moderately weathered diesel fuel 
M21fuel oi l  #2 admixed with an 

unweathered. unspecified ~asoline 
range product, probably not gasoline 

Moderately weathered diesel fuel 
M21fuel oil M2 admixed with an 

unweathered, unspecilied gasoline 

range product, probably no1 gasoline 

CRO ("A) 

14 

I I 

I0  

lo 

13 

DRO ( X )  

62 

8 

74 

87 

77 

79 

RRO ("A) 

25 

4 

15 

3 

10 

3 

Tolnl BTEX 

( U B ~  

637.000 

I 15.000 

21 0,000 

88.000 

NA 

684.000 

Total VOC's 

(1leKg) 

26.937.000 

22.?33.000 

17.240.000 

21.828.000 

NA 

17.215.000 

Viscosity (cS) 

2.1 

2.4 

2.3 

2.4 

19.7 

2.0 



Table 1 1-3 

Soil Profile Data for Plume 10 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

( I )  Depth to water in 3TFSBI was 6 feet below the ground surface. 

Sample No. 

3TFSB 1-2 

3TFSB 1-4 

3TFSB 1-6 

Depth (feet) 

2.0 - 2.4 

4.0 - 4.6 

6.0 - 7.2 

Porosity 

0.59 

0.49 

0.34 

Oil & Grease (Oh) 

0.2 1 

3.55 

1 1.90 

Moisture (Oh) 

26.27 

19.88 

18.42 



Table 11-4 

Pump Testing Results for Plume 10 

Free Oil Recovery Project 

Exxon Company. USA 
Bayonne, New Jersey 

Well I D  

GhlMWI6 7/14/97 P 125 0025 I 1  

Q s Q/s 

NAPL Skimmer Tests 

7/15/97 P 295 0300 > I0  '50 O j  NA NA 

Date 

(No! performed becauare the 0 I gpm free oil recovery rate was met w ~ t h  prevfous test) 

Talnl (dual) Fluids Plumping Tests 
S 

o 

u 

r 

c 
e 

Date 
Vncllum Enhnnced Talnl (dual) Fluids Pumping Tests 

Date Duration 

(min ) 

S 

o 

!I 

r 

c 
e 

Stabillzed 
Rate of Oil 
Recovery 

( s P ~ )  

S 
o 

u 

r 

c 
e 

Duration 

(min ) 
Duration 
(~nin.) 

Stabilized 
Rate of Oil 
Recovcry 

( s P ~ )  

Stabilized Rate 
o f o i l  

Recovery 

( s P ~ )  

Radius o f  Influence - 
gw (feel). 

Radius of Influence - 
vac (feet) 

Ground 
Water 

Pumping 
Rate 

(gpm) 

Ground 
Water 

Pumping 
Rate 

(gpm) 

Sustained 
Ground 
Water 

Drawdown 
(feel) 

Specific 
Capacity 

(gpmlfr of 
drawdown) 

Sustained 
Ground 
Water 

Drawdow 
n (reef) 

Applied 
Vacuum 

(in o f  

H,O) 
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12.0 Plumes 13-AH and 13-ICI A, B, and C (A-Hill Tank Field and ICI 
Americas, Inc. Site) 

12.1 Introduction 

Plume 13 was shown in the FORP Workplan as one plume that existed mostly in the A Hill Tank 
Field. However, based on the FORP investigation findings, Plume 13 is comprised of four distinct 
plumes, which will be referred to as Plume 13-AH, and Plumes 13-IC1 A, 13-ICI B and 131CI C. The 
first plume, 13-AH, occurs in the southern portion of the A-Hill Tank Field and the Main Building 
Area. The second plume ,I 3-ICI A, which is the largest of the four plumes, occurs in the east-central 
area of the ICI Americas, Inc. (ICI) site and extends into the southern portion of the A Hill Tank 
Field, across East 22nd Street. The third plume, 13-ICI B is located on the far eastern portion of the 
ICI property, and is believed to be connected to Plume 1 1 across Avenue J. The fourth plume, 13-ICI 
C, is located in the northwestern portion of the ICI site in what is referred to as the non-operational 
area. These four plumes are shown in Figure 12-1 and Figure 12-2. 

Historically, the A Hill Tank Field consisted of ten above ground tanks in three bermed areas. These 
tanks have contained recycled oil, stormwater overflow, #2 fuel and processed gas oil (Geraghty & 
Miller, 1994). These tanks were installed between 1923 and 1953. Currently, no buildings exist in 
the area, however, the western edge of the area is used for parking trailers. The A-Hill Tank Field has 
remained in the same configuration since approximately 1940 (Geraghty & Miller, 1995). 

The Main Building Area is currently occupied by the Main Building and adjacent parking lots, the 
Gate A entrance to the plant, a substation, and the IRPL metering station, however, historically, the 
Main Building Area has been an active process area. Prior to the 1920s, the area was occupied by 
several buildings, process units, and ASTs. The process units included reducing stills, condensers, 
sweetening stills, stirring tanks. Several ASTs were located in the northern portion of the area, and a 
Paraffin Boiler House and several pump stations were located in the southwestern and central portions 
of the area (Geraghty & Miller, 1994). 

Historically, the ICI site had been used for petroleum refining activities. The uses included storage, 
sales, transfer, and distribution of petroleum, operation of a pump house to transfer petroleum and 
petroleum-related products through an inter-refinery pipeline (IRPL) between Bayonne and Bayway, 
and deposition of waste oils and other petroleum refinery type wastes (Malcolm Pirnie, 1998). The 
eastern portion of the site is currently occupied by the manufacturing facilities of ICI Americas. The 
operations at the ICI plant began in 1965 and consisted of manufacturing of chlorinated rubber 
products and paraffin wax products (from 1965-1 980). Subsequent manufacturing on the site 
included vinylisocyanurate resins, isocyanate-based polymers, and polyesters (from 1969-1986), 
polyurethane (from 1969- 1978), and polytetrafluoroethylene (from 1969-present). 

12.2 Field W o r k  

12.2.1 Plume 13-AH [and the southern portion of Plume 13-ICI A], June - September 1997 

Free Oil Delineation Tasks 

Ten temporary wells were installed in the A Hill Tank Field and the Main Building Area 
(AHFTMW 1 through AHFTMW 10) (5 more than specified in the FORP Workplan). NJDEP 
permits for the installation of these wells are included in Appendix M. 
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Installed one permanent well at Plume 13-AH (AHFMWI), as specified in the Work Plan. 

As required by the Workplan, performed 1 soil boring (AHFSBI) near existing wells GMMW26. 
Collected 4 soil samples (one more than specified in the Workplan) for analysis of FORP Workplan 
design parameters (% residual oil, % water, porosity, and bulk density). Also, one of these soil 
samples collected within the oil zone on the water table was analyzed for grain size. The four 
samples that were proposed to be collected during the installation of the permanent well (AHFMW1) 
were not collected due to an oversight in the field. 

Measured the apparent thickness of oil in all existing and proposed wells in the A Hill Tank Farm in 
accordance with the Workplan. In total, 23 measuring events were taken. 

Performed free oil characterization on 6 samples (three more than specified in the Workplan). The 
following analyses were performed: 1) GC fingemrinting: GMMW26, GMMW28, AHFTMWS, 
AHFTMW6, AHFTMW8, and MWSS; 2) m: GMMW26, GMMW28, and AHFTMW5 3) 
Viscosity: GMMW26, GMMW28, AHFTMW5, and AHFTMW6. 

FORP Design Support Tasks 

As specified in the Workplan, performed 5 bail down tests in the A Hill Tank Field (AHFTMWS, 
GMMW26, GMMW28, AFHTMWl, and AHFTMW4R). 

Performed free oil recovery rate testing at three wells (GMMW26, GMMW28, and AHFMWI), the 
same number as specified in the Workplan. 

Prior to the test at GMMW26, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (AHFTOW 1 through 3), as required by the Workplan. Performed free oil skimmer testing, 
total dual fluids pumping, and vacuum enhanced pumping test at GMMW26. 

Prior to the test at GMMW28, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (AHFTOW4 through 6), as required by the Workplan. Performed free oil skimmer testing, 
total dual fluids pumping, and vacuum enhanced pumping tests at GMMW28. 

Prior to the test at AFHMWI, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (AHFTOW7 through 9), as required by the Workplan. Performed free oil skimmer testing, 
total dual fluids pumping and vacuum enhanced pumping tests at AHFMWI . 

12.2.2 Plume 13-ICI A, B, and C [off-site at ICI Americas], October - November 1998 

Free Oil Delineation Tasks 

Twenty six temporary wells were installed at the ICI site and in the A Hill Tank Field Area 
(ICITMW I through ICITMW26) (1 more than specified in the FORP Workplan). NJDEP permits 
for the installation of these wells are included in Appendix M. 

Installed three permanent wells at Plume 13-ICI A (ICIMWI, ICIMW2, and ICIMW3), as specified 
in the Work Plan. 
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Collected 1 soil sample within the oil zone on the water table for analysis of FOFW Workplan design 
parameters (% residual oil, % water, porosity, bulk density, and grain size analysis) from the boring 
performed for the installation of well ICIMWI . The other two samples that were proposed to be 
collected during the installation of the permanent wells ICIMW2 and ICIMW3 were attempted, 
however, no samples were able to be collected at these locations using the shelby tube sampler. 

Measured the apparent thickness of oil in all existing and proposed wells in the ICI site and in the 
surrounding A Hill Tank Farm and Plume 1 1 area in accordance with the Workplan. In total, 15 
measuring events were taken. 

Performed free oil characterization on 6 samples. The following analyses were performed: I )  GC 
fingerprinting: MW2S, MW3S, MW6S, MWl I S, PZ-3, and PZ-6; 2) m: MW2S, MW3S, 
MW6S, MWI IS, PZ-3, and PZ-6 3) Viscosity: MW2S, MW3S7 MW6S, MWI IS, PZ-3, and PZ-6. 

FORP Design Support Tasks 

As specified in the Workplan, performed 12 bail down tests in the 13-1CI (A), (B) and (C) plumes 
(MW2S7 MW3S, MW5S7 MW6S, MWIOS, MWI IS, PZ-3, PZ-6, ICITMW2, ICITMWS, PZ-I, and 
ICIMW2). 

Performed free oil recovery rate testing at two wells (ICIMW2 and ICIMW3), one less than specified 
in the Workplan. No testing was performed at ICIMWI, because no oil flowed into this well during 
the entire length of the field program (this well was screened across the oil zone and it was 
developed; also, on multiple occasions, a vacuum was applied to the well head to try to induce oil to 
flow into well). 

Prior to the proposed test at ICIMW I, installed two observation wells at 10 and 50 foot intervals 
from the well (ICITOWI and 2), as required by the Workplan. An existing well, MW2S, was used at 
the 5 foot observation well. Because no oil flowed into this well during the length of the field 
program, no free oil recovery testing was performed at this location. 

Prior to the test at ICIMW2, installed two observation wells at 10 and 50 foot intervals from the well 
(ICITOW3 and 4), as required by the Workplan. An existing well, MW2S7 was used at the 5 foot 
observation well. Performed free oil skimmer testing at ICIMW2. 

Prior to the test at ICIMW3, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (ICITOW5 through 7), as required by the Workplan. Performed free oil skimmer testing and 
total (dual) fluids pumping at ICIMW3. 

12.3 Description of ~ ~ d r o ~ e o l o ~ ~  

The hydrogeology of the A Hill Tank Field is summarized in the following bulleted items: 

The subsurface materials generally consist of fill to a depth of approximately 15 feet below the 
ground surface. At the A-Hill Tank Field, the fill was composed of mostly fine to medium sand with 
concrete fragments and brick, and in many locations the sandy fill contained a silt and clay zone that 
is at least 2 feet thick. The silt and clay zone was encountered between 2 feet and 7 feet below the 
ground surface in the FOFW borings. The silt and clay zone was not encountered immediately east of 
the A Hill Tank Field near Gate A, and in the western portion of the Main Building Area. 
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In the vicinity of where the thickest apparent free oil was measured at Plume 13-AH, the subsurface 
material near the water table consisted of very fine to fine sand with a tracellittle of silt (AHFTMWI, 
6 and 5). In the southern portion of Plume 13-ICI A the subsurface material at the water table 
generally consisted of fine sand and little silt overlying a mostly silt layer (AHFSBl). 

Grain size analysis of a soil sample collected near the water table (from 6.0 feet to 7.6 feet) in a 
boring performed adjacent to GMMW26 (Plume 13-IC1 A) indicated that the subsurface material is 
fine-grained. Specifically, the sample contained approximately 31% silt and clay, 26% fine sand, and 
the remaining 44% was composed of coarser sand and gravel particles. The results of this analysis 
are generally consistent with the soil description from Plume 13-1C1 A given above. 

An unconfined groundwater zone is present in the fill on-site, and groundwater in the A Hill Tank 
Field is generally between 4 feet and 6 feet below the ground surface. 

The groundwater flow direction is predominantly to the east (Figure 3-1). However, it is noteworthy 
that a groundwater divide forms in the southern portion of the A Hill Tank Field. This divide directs 
flow to the northeast and southwest toward the Main Building Area and the Lube OilIPlatty Kill 
Areas, respectively. The hydraulic gradient is approximately 0.009 in the A Hill Tank Field where 
flow is to the east. 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken in monitoring wells at low and high tides. 

The hydrogeology of the 1CI site is summarized in the following bulleted items: 

Based on information obtained from a 1837 map showing the Constable Hook Area of Bayonne, the 
northwestern and eastern portions of the ICI site were originally marsh land. The southwestern and 

- central portions of the site was a local topographic high. 

Based on information presented in IC1 Americas, Inc., Bayonne RFI Final Report (Malcolm Pirnie, 
1989), and from data collected during this FORP field investigation at the ICI site, four distinct 
stratigraphic units were identified at the ICI site. The units consisted of fill, marsh deposits, alluvium, 
and till. 

The f i l l  is the uppermost unit and it extends across the entire site and varies in thickness from 4 feet to  
18.5 feet (Malcolm Pirnie, 1998). Nearly all of the borings drilled for the FORP program were almost 
entirely within this fill material. The thickest fill was found in the northwestern portion of the ICI 
site, which was previously mapped as mash land, near the former location of the Packards Tankfield 
Landfill. The f i l l  material varies in composition. In the southern portion and throughout the center of 
the site, it consists of a poorly sorted sand, gravel and silt. In the northwestern portions of the site it 
consists of poorly sorted sand, gravel and silt, some cinders and construction debris including 
fragment of brick, concrete, glass, and wood. 

Beneath the fill layer is a marsh deposit, however, this unit is not continuous throughout the site 
(Malcolm Pirnie, 1998). The deposit is a highly organic silt layer that is classified as meadow mat or 
peat material. It is not continuous throughout the site. According to the ICl Americas Inc. RFI 
Report, the peat was approximately 2 feet thick in the southeastern portion of the ICI site (MW4S), 
and it was nine feet thick in the northwestern portion of the site (MW8D). 
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Alluvial deposits exist below the peat layer. These deposits consists of a brown to reddish brown, 
fine to medium sand with various percentages of silt and gravel. The alluvial deposits vary in 
thickness from 6 feet to 25 feet (Malcolm Pirnie, 1998). 

Till is present beneath the alluvium. It consists of a densely compacted, reddish-brown deposit of 
poorly sorted fine to medium grained sand with silt, clay and gravel. The till was found to  be 17 feet 
and 25 feet thick (Malcolm Pirnie, 1998). 

In the vicinity of where the thickest apparent free oil was measured at Plume 13-ICI A, the subsurface 
material near the water table consisted of fine to medium sand, some silt, and little gravel with a trace 
of clay. Farther west in this plume (near ICIMWI) the soils are comprised of silt, some clay, and 
little very fine to fine sand with a trace of gravel. At Plume 13-ICI B, the subsurface materials are 
generally characterized as fine to medium sand, some silt, fine gravel, and peat at depth. At Plume 
13-ICI C, in the northwestern portion of the ICI site, the subsurface soils generally consist of fine to 
coarse sand-sized cinder particles, some fine to medium gravel-sized cinder particles, brick 
fragments, and little silt. 

In the western portion of Plume 13-ICI A, grain size analysis of a soil sample collected near the water 
table (from 6.0 feet to 7.6 feet) in a boring performed at ICIMW 1 indicated that the subsurface 
material is fine-grained. Specifically, this sample contained approximately 76% silt and clay, and the 
remaining 24% of the sample was composed of coarser sand and gravel particles. The results ofthis 
analysis are generally consistent with the soil descriptions from other borings around well ICIMW 1 in 
the western portion of Plume 13-ICI A. However, on the basis of the field descriptions, the formation 
soils from most other parts of the ICI site are more coarse-grained than the sample at ICIMWI . Grain 
size analyses from other areas of Plume 13-ICI are not available due to the inability to collect 
undisturbed samples in the shelby tubes. 

At Plume 13-1CI A, B and C, an unconfined groundwater zone is present in the fill on-site. At Plume 
13-ICI A groundwater is generally between 3 feet and 15 feet below the ground surface. At Plume 
13-ICI B groundwater is generally between 4 feet and 10 feet below the ground surface. At Plume 
13-ICI C groundwater is generally between 8 feet and 20 feet below the ground surface. 

The groundwater flow at the ICI site radiates from a high located in the south-central portion of the 
site, near East 22nd Street. Relative to this high, the ground water flow direction over most of the ICI 
site is predolninantly to the north and east (Figure 3-1). A ground water divide extends from the high 
that exists in the south-central portion of the site. This divide runs through the central portion of the 
site and becomes less pronounced in the northern portion of the site, near the New Hook Access 
Road. In the northwestern portion of the site, in the location of the former storage lagoons, the water 
table is noticeably flat. In the southwestern portion of the site, where flow is to the north, the 
hydraulic gradient is approximately 0.019 Wft. In the central portion of the site, in the location of the 
ground water divide, and in the southeastern portion of the site, the gradient is approximately the 
same 0.009 Wft. 

The unconfined groundwater zone is not influenced by tidal fluctuations. 
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12.4 Free Oil Delineation Results 

12.4.1 Plume 13-AH 

Apparent Free Oil Thickness 

Plume 13-AH is defined to 0. l -foot apparent thickness contour on the Exxon facility, as required by 
-the FORP Workplan (Figure 12-1). A total of 23'wells were used for the delineation. The horizontal 
extent of the Plume 13-AH has been confirmed, and no further delineation is required to implement 
the FORP. 

Plume 13-AH is an elongate plume that trends in a roughly east-west direction in the southern portion 
of the A Hill Tank Field. The east-west elongation of the plume is consistent with the expected 
directions of groundwater flow, considering that a groundwater divide exists in this area of the site. 
The maximum free oil thickness (9.55 feet) was measured in AHFMW 1 in the eastern portion of the 
plume. 

Plume 13-AH is believed to extend under a portion of the Main Building, which is currently in use by 
site employees. 

The horizontal extent of the apparent free oil thickness of Plume 13-AH is different from how it was 
depicted in the Geraghty & Miller (I 995) report, but the free oil apparent thicknesses are generally 
similar. The north-south horizontal extent is smaller because of the absence of free oil in a line of 
monitoring wells in the central area of  the A Hill Tank Field (AHFTMW10, EB28, EB27, and 
AHFTMW2). This indicated that Plume 13 is not one continuous zone of free oil, but is instead two 
plumes (Plume 13-AH and Plume 13-ICI) (Figure 12-1). 

True  Free Oil Thickness 

Plume 13-AH, based on true free oil thickness, is generally similar to that for the apparent free oil 
plume (Figure 12-2 ). The maximum true free oil thickness was 1.91 feet at AHFMWI. 

An exaggeration ratio of 5 was used for Plume 13-AH. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 13-AH was derived using results from subsurface 

soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996): and 5 baildown tests 

completed at the A Hill Tank Field Area (Table 12-1). The subsurface material near the water table consisted of very fine to 

fine sand with a tracellittle amount of silt, which we interpret to correspond to a soil type of between sandy loam and loam, 

using the soil types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of 

apparent to true free oil thickness for a soil between these two types has a range of between approximately 2 and 5. 

Furthermore, the exaggeration ratios from three baildown tests ranged from 4.07 to 8.26; the average exaggeration ratio was 

calculated to be 5.96. Therefore, given the available data, an exaggeration ratio of 5 was used for Plume 13-AH. The 

apparent free oil thickness and true free oil thickness data and graphs for the baildown tests at this plume are contained in 

Appendix M. 
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12.4.2 Plume 13-ICI A 

Apparent Free Oil Thickness 

Plume 13-ICI A is defined to 0.1-foot apparent thickness contour on the Exxon and ICI facilities, as 
required by the FORP Workplan, although it is clear that the majority of the plume is located on the 
off-site ICI property (Figure 12-1). A total of 43 wells were used for the delineation in both the A 
Hill Tank Field and the ICI property. 

The horizontal extent of the apparent thickness Plume 13-1CI A in both the A-Hill Tank Field and on 
the ICI site has been confirmed. 

Plume 13-1CI A is irregularly shaped and covers a relatively large area, illcluding the ICI property to 
the north of the Exxon Plant and the northern portion of the A-Hill Tank Field. The maximum 
apparent free oil thickness was 10.08 feet, which was measured in well ICIMW2. At the A Hill Tank 
Field Area, the maximum thickness was 4.91 feet (in well AHFTOW3). Also, Plume 13-IC1 A is not 
believed to commingle with Plumes 13-AH (to the south). 

The horizontal extent and apparent free oil'thickness of Plume 13-IC1 A is different from how it was 
shown in the Geraghty & Miller (1 995) report. 

True Free Oil Thickness 

Plume 13-ICI A, based on true free oil thickness, is generally similar, but slightly smaller, to that for 
the apparent free oil plume (Figure 12-2 ). The maximum true free oil thickness as 3.36 feet at 
ICIMW2, which is in the main employee parking lot on the ICI property. 

A conservative exaggeration ratio of 3 was used for Plume 13-IC1 A. This ratio is consistent with the 
average of eight ratios derived from baildown testing conducted by Malcolm Pirnie (1 998). 

Derivation of Exaggeration Ratio: The exaggeration ratio for Plumel3-ICI A was derived using results from eight 

baildown tests and subsurface soil descriptions and analyses (Table 12-1). The average exaggeration ratio from the eight 

baildown tests was 3. In addition, the subsurface material near the water table consisted of fine to medium sand, some silt, 

and little gravel. Therefore, given the available data, a conservative exaggeration ratio of 3 was used for Plume 13-ICI A. 
The apparent free oil thickness and true free oil thickness data and graphs for the baildown tests at these plumes are 

contained in Appendix M. 

12.4.3 Plume 13-ICI B 

Apparent Free Oil Thickness 

Plume 13-ICI B is defined to 0.1 -foot apparent thickness contour on the ICI site, as required by the 
FORP Workplan. A total of 10 wells were used for the delineation on this delineation. Based on the 
thicknesses of oil measured in the wells, and on the types of oil observed in the wells, it is suspected 
that this plume is connected to the west end of Plume 1 I ,  which is on the east side of Avenue J 
(Figure 12-1). In addition, Plume 13-ICI B may also commingle with a portion of Plume 13-ICI A. 

The horizontal extent of the apparent thickness of Plume 13-ICI B on the IC1 facility has been 
confirmed. 
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Plume 13-ICI B is irregularly shaped and exists in the far eastern portion of the ICI site, along 
~ v e n i e  J. There is also a separate outlier portion of this plume that is located immediately to the 
north. The maximum apparent free oil thickness was 4.17 feet, which was measured in a well in the 
northern portion of this plume (ICITMW8). 

True Free Oil Thickness 

Plume 13-ICI B, based on true free oil thickness, is generally similar, but smaller, to that for the 
apparent free oil plume (Figure 12-2 ). However, a plot of the true thickness plume indicates a 
general separation of plume 13-ICI A and 13-1CI B. The maximum true free oil thickness was 2.09 
feet at ICIMW8. 

A conservative exaggeration ratio of 2 was used for Plume 13-ICI B. 

Derivation of Exaggeration Ratio: The exaggeration ratio for Plume 13-ICI B was derived using results from 

subsurface soil descriptions and analyses and ratios of apparent to true free oil thickness published by EPA (1996), and 1 

baildown test (Table 12-1). The subsurface material near the water table consisted of fine to medium sand, some silt, fine 

gravel (peat is found at depth at this location), which was estimate to correspond to a soil type of sandy loam using the soil 

types given on the exaggeration ratio chart cited in EPA (1 996). According to EPA (1996), the ratio of apparent to true free 

oil thickness for a soil of this type is approximately 2, which is a conservative estimate. The exaggeration ratio determined 

from the baildown test was 23.21, which is very high and was determined to not be representative of the oil in this plume. 

Therefore, given the available data a conservative exaggeration ratio of 2 was used for Plume 13-ICI B. The apparent free 

oil thickness and true free oil thickness data and graphs for the baildown tests at these plumes are contained in Appendix M. 

12.4.4 Plume 13-ICI C 

Apparent Free Oil Thickness 

Plume 13-ICI C is defined to 0.1-foot apparent thickness contour on the Exxon facility, as required by 
the FORP Workplan. While the plume's shape was based on the oil thickness measurements in the 
wells, it was also largely influenced by the location of the former storage lagoons, which are the 
suspected source of the oil (Figure 12-1). Plume 13-ICI C is located in the northwestern portion of 
the ICI site. A total of 16 wells were used for the delineation of this plume. 

The horizontal extent of the apparent thickness Plume 13-ICI C on the 1CI site has been confirmed. 
Because the former storage lagoons extended under Route 169, it is also likely that this plume may 
extend under this highway. 

Plume 13-ICI C is roughly oval in shape and covers an area approximately equal to the size of the 
storage lagoons that used to exist in this area of the site. Given the available data and for the purposes 
of the FORP design, Plume 13-ICI C is depicted as one continuous plume, however, it may in reality 
be discontinuous. This is based on the distribution of the former lagoons and on the fact that the oil is 
very viscous and would not be expected to migrate a significant distance from these former lagoons. 
In addition, the actual plume shape (migration paths) may also be influenced by subsurface 
construction debrislmaterial. The maximum apparent free oil thickness was 0.97 feet, which was 
measured in well MW9S. 
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True Free Oil Thickness 

Plume 13-ICI C, based on true free oil thickness, is generally similar to that for the apparent free oil 
plume (Figure 12-2 ). The maximum true free oil thickness was 0.49 feet at MW9S. 

A conservative exaggeration ratio of 2 was used for Plume 13-IC1 C. 

Derivation of Exaggeration Ratio: The exaggeration ratio for Plumel3-1Cl C was derived using results from 

subsurface soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996); no baildown 

testing was performed due to the high viscosity of the oil (Table 12-1). The subsurface material near the water table 

consisted of fine to coarse sand-sized c~nder particle, some fine to med~um gravel-sized cinder particles, brick fragments, and 

little silt. which were estimated to correspond to a soil type of sandy loam using the soil types given on the exaggeration ratio 

chart cited in EPA (1996). According to EPA (1996), the ratio of apparent to true free oil thickness for a soil of this type is 

approximately 2. which is a conservative ratio. Therefore. given the available soil description data, a conservative 

exaggeration ratio of 2 was used for Plume 13-1Cl C. The apparent free oil thickness and true free oil thickness data and 

graphs for the baildown tests at these plumes are contained in Appendix M. 

12.5 Free  Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 13-AH 
and Plume 13-JC1 A, B, and C are included on Table 12-2. The GC results help support the other 
information (primarily oil thickness data) that indicates that there are generally four separate oil plumes 
( I  3AH, and 13-JC1 A, B, and C) in this area of the site. The free oil analytical reports (Battelle 1997 and 
1998) are included in Appendix Q. 

Plume 13-AH 

The four salnples studied from Plume 13-AH (AHFTMWS, GMMW28, AHFTMW6, and 
AHFTMW8) contained mixtures of heavy fuellcrude oil with different amounts of variously 
weathered diesel fuel #2/fuel oil #2 and various amounts of the unspecified gasoline range product(s) 
(Table 12-2). The weathered heavy fuellcrude oil is the only component present in the GMMW28 
sample (this was also the only component in the sample from well EB34 from nearby Plume 1 1, 
however, these two locations are not near each other). 

The specific gravity of the free oil collected from three historical temporary wells installed during a 
previous study (AHTFSB4, and MBSB2) was 0.820. 

Plume 13-JC1 A 

The NAPL samples from the southern and central portions of Plume 13-1C1 A (MW-1 IS, PZ-3, 
MW3S and GMMW26) are all chemically similar in that they are comprised of a mixture of 
gasoline, diesel and residual range organics. Specifically, they appear to represent mixtures of ( I )  a 
light petroleum product (gasoline?), (2) a diesel fuel oil #2, and (3) a minor amount of a 
"background" heavy fuellcrude oil. The degree of mixing among these three products is fairly 
comparable. It is notable that the PrIPh ratios are between 2.0 and 2.6. This PrlPh range might 
indicate multiple source materials for these products, however, because of the likelihood of mixing 
two products containing Pr and Ph (diesel fuel oil with heavylcrude oil), this variability is not 
particularly significant. These four NAPLs do exhibit variable degrees of biodegradation, e.g., as 
measured by the n-C] 8/Ph ratio (Table 3-1 in Battelle report). The weathering trend implied by this 
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ratio parallels the northwest-southeast locations of each of these wells, i.e., the degree of 
biodegradation of the diesel range component is greatest in the MW-11s area and least in the 
GMMW26 area. The overall chemical similarity and apparent weathering trend among these four 
NAPL's suggests that they may be part of a continuous NAPL pool which spans this area and the 
ICIlExxon property boundary. 

The NAPL samples from the northern portion of Plume 13-IC1 A (PZ-6, MW-6s) are also 
chemically similar and are each comprised of moderately to-severely weathered heavy fuel oil or 
crude oil. This oil in these two wells is also similar to that which was found in MW34 in Plume 11. 
As footnoted above, this type of material could represent a variety of heavy petroleum products, 
including various heavy petroleum waste products (e.g., tank bottoms). The fact that these fairly 
widespread locations contain a comparably heavy material, along with the fact that the MW-1 IS, PZ- 
3, MW3S and GMMW26 NAPLs all contain a similar heavy component, makes it reasonable to 
believe that much of the ICI Americas, Inc. area contains a 'background' heavy petroleum product 
(heavy fuel crude oil) or heavy petroleum waste product (tank bottoms). 

While the MW2S also contains this 'background' heavy material, the nature of its diesel range 
product is distinct due to its more severe degree of weathering and its uniquely high PrPh ratio. 
This suggests that the diesel fuel oil component in this area is distinct from that observed in the 
MW I IS, PZ-3, MW3S and GMMW26 NAPLs. 

In summary, the ICI America, Inc. area is clearly heterogeneous and there is a complex history of 
multiple products released in multiple areas. The general character of the LNAPLs, however, 
suggests that there is a moderately-to-severely weathered heavy fuellcrude oil or heavy waste 
'background' throughout the entire area. Superimposed on this background material are more 
localized sources of ( I )  fuel oil #2/diesel fuel #2, which are now variably weathered, and (2) some 
gasoline range product(s) which appear fairly unweathered. 

The variability of the volatile organic compound (VOC) data for the free oil samples provides 
additional support for a complex and varied history of releases of various products in this area 
(Table 12-2). 

The specific gravity of the free oil collected from one historical temporary wells installed during a 
previous study (AHTFSBI) was 0.820. 

Analysis of soil profile samples collected from a soil boring approximately 5 feet from well - 
GMMW26, which had 1.83 feet of free oil (apparent) during the FORP, showed that the percent of 
oil and grease in the soil samples generally decreased with depth to approxiinately 4 feet, which was 
near the water table (Table 12-3). As noted below, the strongest evidence (including free oil 
thickness measurements and groundwater flow directions in this area) suggests that there is an off- 
site source of oil at ICI property that migrated into the A Hill Tank Field. The laboratory data for 
percent oil is contained in Appendix M. 

Plume 13-1CI B 

There are no GC fingerprint data available for the main Plume 13-ICI B, however, based on visual 
similarity of the oil (dark brown-black with a relatively high viscosity) this plume is believed to be 
related to the oil found in Plume I 1, across Avenue J. The ground water flow direction at Plume 13- 
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1C1 B, which is toward the end af the lnterceptor Trench at Plume 11, provides support for the 
connection'of the oil found at Plume 13-ICI B and Plume 1 I. 

The NAPL from the MWSS well (and outlier area immediately north of Plume 13-1CI B), which was 
previously studied, continues to stand alone. This sample contains predominantly suspected PAH 
compounds. It is clearly distinct from the other NAPL's in the ICI Americas, lnc. area and, most 
likely, derived from a predominantly non-petroleum source (i.e., it is a coal-derived liquid). 

Plume 13-ICI C 

GC fingerprint data collected during a field investigation of the northwestern area of the ICI property 
by Malcolm Pirnie (1998) indicate that the oil in this area is a heavy, crude oil type. While there are 
gas chromatograms of oil and saturated soil samples from this area, detailed descriptions of the type 
of oil that is represented by each chromatogram is not available. 

12.6 Potential Sources of Free Oil 

Historical areas of potential sources of free oil at the A Hill Tank Field include ASTs, a former wax 
separator, and storm sewers (Geraghty & Miller, 1994). At the Main Building Area, potential 
sources of free oil include the ASTs, USTs, oillwater separators, process areas, sumps, and the 
sewers and septic systems (Geraghty & Miller, 1994). 

12.6.1 Plume 13-AH 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plume (13-AH) on-site and the potential source areas identified at the A Hill Tank 
Field and the Main Building Area: 

In 1978. a 252.000-gallon spill of heating oil occurred at Tank 514 in the southern portion of the A 
Hill Tank Field. This spill was located in the upgradient portion of Plume I 3-AH, and based on 
groundwater flow directions in this area, once the oil had encountered the water table it would have 
migrated to the northeast, which is consistent with the current configuration of the plume. In fact, the 
elongated central core of the thickest free oil in this plume aligns with Tank 514. In addition, a 
portion of the plume extends to the southwest, which is the opposite direction to the rest of the plume, 
and may be due to the groundwater divide in the area. 
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In 1983, a 42,000-gallon spill of process gas oil occurred at Tank 508 in the western portion of the A 
Hill Tank Field. This spill did not occur within the footprint of Plume 13-AH and it is unlikely that 
the oil entered the sewer lines and was discharged near the plume due to the lack of cracks in the lines 
and the fact that the invert elevations of the lines are below the water table in this area. 

Two 2,000-gallon unleaded gasoline storage tanks (one of which was removed in 1989 and the other 
of which is currently in service) are located in areas where the free oil is the thickest. These tanks, or 
transfer lines associated with these tanks, may have contributed to the Plume 13-AH in this area, 
considering that the GC fingerprint of the sample from this area (AHFTMW5) contained minor 
gasoline range product, possibly automotive gasoline (Table 12-2). 

12.6.2 Plume 13-ICI A, B, and C 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes [13-ICI A, B and C] and the potential source areas identified at the ICI 
site. Some of the information on the historical activities at the ICI site was obtained from aerial 
photographs taken in 1940, 1959, 196 1, and 1963 (Malcolm Pirnie, 1998). The bullets are as follows: 

Petroleum above ground storage tanks were located in the eastern part of the current ICI property. At 
the time, Avenue J ended at East 22nd Street and this tank farm extended across what is now Avenue 
J onto what is currently IMTT property. At various times, this portion of the 1C1 property contained 
up to 14 above ground storage tanks. These tanks contained a number of different types of petroleum 
and petroleum-related products including slop oil, diesel, heating oil, gas oil, naphtha, and several 
varieties of crude oil (Malcolm Pirnie, 1998). These tanks were located in the area of Plumes 13-ICI 
A and B. The southern portion of this area extended as far as well MW3S, which is located in the IC1 
employee parking lot. 

Another area, called the New Jersey Sales Area, was located on the south-central and western portions 
of the 1C1 property. More specifically, it was located along East 22nd Street between Avenues H and 
I. This area was used for sales of petroleum and petroleum-related products that were manufactured 
by Exxon (Malcolm Pirnie, 1989). In addition to buildings, the area contained two large above 
ground storage tanks, nine small above ground storage tanks, and a rack area where tank trucks were 
loaded. This area also included four large above ground storage tanks. The six large tanks at one 
time contained heating oil, diesel oil, low sulfur #4 and gas oil. The nine smaller tanks were used to 
store materials that were sold at the New Jersey Sales area including kerosene, Esso Extra, Varsol, 
and naphtha. Well MW2S is located in the southern portion of the New Jersey Sales area. The New 
Jersey sales area was located in the southern portion of Plume 13-ICI A, on the ICI site. 

An Inter-Refinery Pipeline (IRPL) area and pumping station was located in the area to the north of the 
New Jersey Sales area. The pipeline was used to pump petroleum and petroleum-related products 
between the Exxon facilities in Bayonne and Bayway, New Jersey. The facility consisted of a pump 
house and manifold, and the pipeline that ran in a southwest direction off the current IC1 property. 
According to Malcolm Pirnie (1998), the materials pumped through the line' included gasoline, diesel 
fuel, unfinished middle distillate (gas oil), solvent oil, No. 2 and No. 4 fuel oil, alkylate, and naphtha. 
Nolie of the plumes on the ICI site appear to correlate with the location of the lRPL area. The IRPL 
area appears to be northwest of Plume 13-IC1 (A) and south of Plume 13-ICI (B). 
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A waste disposal area existed in the northwestern portion of the ICI site. According to Exxon's 103 
(c) Notification and Waste Disposal Site Inventory, a landfill or group of landfills for disposal of 
waste oils and petroleum refinery type waste was located close to the western boundary of the current 
ICI property in what was then known as the Packards Tankfield. According to Malcolm Pirnie 
(1 998), open ponds or lagoons were used for the temporary storage and disposal of waste oils and 
other petroleum refinery type waste from the late 1950s to the mid-1960s. Based on aerial 
photographs dating from the 1959 to 1963, these open ponds or lagoons were present in the northwest 
portion of the ICI site. These open ponds or lagoons were located in the area of Plume 13-ICI (B). 

No spills are documented in the in the northern portion of the A Hill Tank Farm that could have 
contributed to a portion of Plume 13-ICI (A) on the Exxon site. Based on the measured apparent free 
oil thicknesses in the wells within the Plume 13-ICI (A) (which are thickest in off-site wells on the 
ICI property), and on the directions of groundwater flow, the most likely source for this plume is from 
releases at the off-site ICI property. 

The eastern portion of the site is currently occupied by the manufacturing facilities of ICI Americas. 
The operations at the ICI plant began in 1965 and consisted of manufacturing of chlorinated rubber 
products and paraffin wax products (from 1965- 1980). Subsequent manufacturing on the site 
included vinylisocyanurate resins, isocyanate-based polymers, and polyesters (from 1969-1 986), 
polyurethane (from 1969- 1978), and pol ytetrafluoroethylene (from I 969-present). Various hazardous 
constituents are presently used in 1CI's manufacturing operations including ammonia, hydrochloric 
acid, and non-chlorinated ignitable solvents. In addition, limited quantities of lubricating oils are used 
for lubricating gear boxes and compressors. Raw materials that were used in the past, but are no 
longer used, include styrene, carbon tetrachloride, trichloroethylene, toluene, chlorine, polyisoprene 
rubber, adipic and fumaric acids, G-I 652 Int., neopentylglycol, hydroquinone, dimethylaniline, 
tertiarybutylcatechol, and chlorine and wax. 

12.7 Free  Oil P u m p  Testing Results 

At Plume 13-AH, free oil pumping tests were performed at two wells GMMW28 and AHFMW 1. At 
Plume 13-IC1 (A), free oil pump tests were also performed at two wells (ICIMW2 and ICIMW3), which 
are in the central portion of the plume, and at one well (GMMW26) in the southern portion of the plume. 
At Plume 13-1C1 (C), free oil pumping tests were performed at one well (MW9S) (Table 12-4). These 
are all non-tidal areas. The results of the tests are summarized below. The detailed results are contained 
in Appendix M. 

Plume 13-AH 

At well GMMW28 (Plume 13-AH), which had a design apparent free oil thickness of 0.41 feet, free 
oil recovery could not be sustained for any of the three pumping test methods (Table 12-4). During 
the dual fluids pump test at TRHMW1, the radius of groundwater influence was between 10 feet and 
50 feet, using a groundwater pumping rate of 0.03 gpm. 

At well AHFMWI (Plume 13-AH), the vacuum enhanced pumping test yielded the highest 
sustainable free oil recovery rate (0.09 gpm), while the recovery rates were lower (between 0.03 and 
0.04) for the skimmer and dual fluids pumping tests (Table 12-4). The radius of groundwater 
influence was greater than 50 feet for the dual fluids pumping test. 
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Plume 13-ICI A 

At well ICIMW3, the maximum initial oil recovery rate of 0.1 gprn was obtained during the total 
(dual) fluids pumping test (Table 12-4); this test maintained the ground water at approximately 16 
feet below the ground surface. The radius of influence for the total (dual) fluids test was between 10 
and 50 feet. The recovery rate was lower for the skimmer test (0.05 gprn). 

At well ICIMW2, the maximum initial oil recovery rate of 0.25 gprn was obtained during the 
skimming test (Table 12-4). No additional testing was performed because this rate was greater than 
0.1 gprn that was set as the cut-off for the field scale testing. 

At well GMMW26 (Plume 13-ICI A, within A Hill Tank Field), the maximum sustained oil recovery 
rate of 0.03 gprn was obtained during the total dual fluids and vacuum enhanced pumping test 
(Table 12-4). 

Plume 13-ICI B 

There are no pump testing results for Plume 13-1CI B. However, estimated oil recovery rates of 
0.00006 gprn and 0.0044 were determined from a baildown tests at ICITMW8 and MWSS, 
respectively. The average recovery rate was 0.0022 gpm. 

Plume 13-ICI C 

At well MW9S, a maximum initial oil recovery rate of 0.00007 gprn was obtained during the 
skimmer test. This skimming data was collected to provide a rough estimate of how easily oil could 
be recovered at this plume. Because of the high viscosity of the oil in this plume, additional testing 
was not proposed. 

12.8 Description of Existing Free  Oil Recovery System 

There are no existing free oil recovery systems at the A Hill Tank Field are or the ICI site. 

12.9 Conceptual  Strategies for  Free  Oil Recovery Design 

12.9.1 Plume 13-AH 

The pumping test results indicate that sustained free oil recovery rates are variable at Plume 13-AH. 
The test in the western portion of the plume indicated that the highest sustainable free oil recovery 
rate was 0.09 gprn using vacuum enhanced dual fluids pumping. This rate is slightly below the 0.1 
gprn recovery rate that was defined in the FORP Workplan. The radius of groundwater influence 
during the testing was generally between 10 and 50 feet. The skimming and total fluids oil recovery 
rates were less than one half of the rate obtained with the vacuum enhanced method. In the western 
portion of the plume, no sustained oil could be recovered from the test well. 

Currently, there is no free oil recovery system that specifically addresses Plume 13-AH, although if 
left in place, most of the plume would eventually migrate to the Interceptor Trench, based on 
groundwater flow directions in the area. 
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At Plume 13-AH, sustained oil recovery is not practicable based on the 0.1 gprn recovery rate 
criterion. However, conceptual methods for free oil recovery that will be evaluated even though the 
yields are less than 0.1 gprn include sustained pumping using either skimming, total dual fluids 
pumping and vacuum enhanced pumping. In addition, another alternative to recover oil from a 
portion of the plume near the Main Building would be to construct a collection trenchldrain on the 
western and southern sides of the building. The collection system on the western and southern sides 
of the building would be downgradient of the majority of Plume 13-AH. 

At Plume 13-AH, the following additional information should be considered for the design of a free 
oil recovery system: 1) Access to this area may be a potential problem due to activity around the 
Main Building and the primary plant entrance (Scale-House); 2) Several areas in the A-Hill Tank 
Field were identified as areas of low, medium, and high density chromium contamination 

12.9.2 Plume 13-ICI A 

011 the ICI site, the pumping test results indicated that the maximum sustained free oil recovery rate 
was 0.25 gpm, which was achieved during the skimmer test in the south-central portion of the plume, 
within the employee parking lot at ICI. The radius of influence in the oil was determined to be 
between 5 and 10 feet during this test. In the central portion of the plume, the maximum sustained 
free oil recovery rate was 0. I gpm, which was achieved during the total (dual) fluids pumping test 
using a ground water pumping rate of approximately 0.6 gpm. The radius of influence was between 
10 feet and 50 feet for this test. The oil recovery rate using skimming in the central portion of the site 
was 0.05 gpm. 

On the Exxon site (south side of East 22nd Street), the pumping test results indicate that the 
maximum sustained free oil recovery rate was 0.03 gprn during the total dual fluids pumping and 
vacuum enhanced tests. During this test, the radius of groundwater influence was between 5 feet and 
10 feet, using a groundwater pumping rate of between 0.05 and 0.07 gpm. The oil recovery rates for 
skimming and vacuum enhanced pumping were sliglltly less than for total fluids pumping. These 
rates were below the 0.1 gprn recovery rate that was defined as reasonable for the FORP. 

Currently, there is no free oil recovery system that addresses Plume 13-ICI A. 

In the central and northern portions of Plume 13-ICI A, on the ICI site, conceptual methods for free 
oil recovery include skimming and total (dual) fluids pumping. An interceptor trench could be used at 
selected site boundaries. 

In the southern portion of Plume 13-ICI A, within the A Hill Tank Field, conceptual methods for free 
oil recovery that will be evaluated, include sustained skimming and total fluids pumping from vertical 
wells; the testing indicated that vacuum enhanced pumping was not necessary to achieve reasonable 
oil recoveries in the locations tested. 

At Plume 13-ICI A, the following additional information should be considered for the design of a free 
oil recovery system: 1) There are numerous utilities on East 22nd Street and on the ICI property; and 
2) Site access is limited by buildings in the operational portion of the site; and 3) Several areas in the 
A-Hill Tank Field were identified as areas of low, medium, and high density chromium 
contamination. 
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12.9.3 Plume 13-ICI B 

No pumping test results are available for this plume, however, the relatively high viscosity of the oil 
suggests that it would be difficult to remove using method that create drawdown of the water table 
(i.e., the oil will likely be held up in the formation above the water table). Intermittent skimming or 
vacuum enhanced pumping may be applicable at this plume. An interceptor trench could be used at 
the site boundary along Avenue J. 

Currently, there is no free oil recovery system that specifically addresses Plume 13-ICI B, however, 
across Avenue J, and downgradient from the plume, is the northwest extension of the interceptor 
trench, which is capturing oil at Plume 1 1. 

At Plume 13-ICI B, the following additional information should be considered for the design of a free 
oil recovery system: 1) This system may take into consideration the potential recovery of a portion of 
this plume by the interceptor trench, and 2) There are numerous utilities on Avenue J, which separates 
plumes 1 1 and 13-ICI B, and on the ICI property. 

12.9.4 Plume 13-ICI C 

The skimming pumping test results indicated that the maximum sustained free oil recovery rate was 
0.00007 gpm; these tests had to be conducted over a number of days because of the slow recovery to 
the well. The oil was highly viscous and adhered tolcoated any piece of equipment that was placed 
into the well. The very high viscosity of this oil is the likely reason for such a low recovery rate. 
This rate was well below the 0.1 gpm recovery rate that was defined as the reasonable benchmark for 
the FORP. No total (dual) fluids or vacuum enhanced pumping were proposed at this plume. 

Currently, there is no free oil recovery system that addresses Plume 13-ICI C. 

In Plume 13-ICI-C, the conceptual methods for free oil recovery that will be evaluated include 
periodic skimming, even though yields are anticipated to be many order of magnitude less than 0.1 
gpm, and containment. 

At Plume 13-ICI, the following additional information should be considered for the design of a free 
oil recovery system: 1) The plumes exists is an area where the former storage lagoons were located, 
2) The fill that was used to fill in the lagoons consisted of cinders and construction debris. The 
construction debris (concrete slabs etc.) may hamper any subsurface excavating in the area of this 
plume. 
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Free O i l  and Soi l  Analysis Informab'on for Plume 13-AH. and 13-1CI A and C 

Free Oil Recovery R o j e c l  

Exxon Company. U S A  
Bayonnc. New lcrscy 

Uel lRacal ion I.D. 

PZ-4 

PZ-6 

pZ-O 

W ? S  

I 

hn\.2S 

S 

h,\\,js 

A N ' S  

hn,.5S 

51\\6S 

MW7S 

Source o f  Data 

Malcolm Pirnie 
Spring 1998 

Parsons 
Fall 1998 

Malcolm Pirnie 
Spring 1998 

Parsons 
Fall 1998 

Malcolm Pirnie 
Spring 1998 

Parsons 
Fall 1998 

Malcolm Plrnie 
Sprnng 1998 

Parsons 
Fall 1997 

Malcolm Pirnle 

Spring 1998 

Parsons 
Fal l  1998 

Malcolm P n n x  
Sprxng 1998 

Malcolm Pirnle 
Spring 1998 

N A 

N A 

SpdIic 
Cnviy 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

N A 

GC Fingerprint Summsly Description 

N o  laboratory description available 
(see chromatogram) 

Moderately l o  severely wealhered heavy fuel o i l  
(e-B,. fuel oil P5 or a) or crude oil 

N o  laboratory dacription available 
(see chromatogram! 

Sererely weathered d~esellfuel ozl b2 and a 

small amount of moderately w reverly 
weathered heav" fuellcmdc oi l  

N o  laboratory description available 
(see chromatogram) 

Mixture o f  I )  a slighlly weathered diael/fuel 
o i l  dZ. 2) a slightlv to un-weathered light 

petroleum producl (gasoline 1). and 3) minor 
amount o f  moderately to severlv weathered 

heavy fuellcrude o i l  

N o  laboratory descrip~~on available 
(see chromatogram) 

Coal-derived liquid (coal tar. crmrate. wash 011. 
etc ) 

No laboratory desrrtption available 
(see chromatogram) 

h$oderately to severely weathered heav" fuel o i l  
product (c .y  . fuel o i l  * 5  or P6) or crude o i l  

N o  laboratory da r r lp t~on  available 
(see chromatopram) 

N o  lataratory description available 
, (see chromatogram) 

(see chromatogram) 

RRO 
('A) 

27 8 

19 

26 6 

10 

13.5 

8 

I 3  

11 

31 3 

19.7 

4 0 2  

66 5 

I 

h q w I  I S  

N A  

90.368.000 

F i d d  Snrnplc Dacr ip t i on  

Non-Aqueous Phase Liquid 

Non-Aqumus Phase Liquid 

Non-Aqueous Phase Liquid 

Non-Aqueous Phase Liquid 

Non-Aqueous Phase Liquid 

Non-Aqueous Phase Liquid 

------- 
Non-Aqumus Phase Liquid 

~ o n - ~ ~ u k u r  phase ~ l ~ u i d  

Non-Aqueous Phase Liquid 

NOn-Aqumus Phase Liquid 

Non-Aqueous Phase Liquid 

Non-Aqueous Phase Liquid 

Non-Aqueous Phase Liquid 

Total  VOCs - 
indud ingT ICs  

( P P ~ )  

N A  

8.968.800 

N A  

19.294.400 

N A  

7.135.000 

N A 

N A 

N A  

K A 

N A  

N A  

N A  

Malcolm Pirnie 
Sprlng 1998 

Parsons 
Fall 1998 

---- 
N A  

9.980.000 

CRO 
( X )  

5.2 

4 

6.8 

5 

7 5  

16 

24 5 

3 

b 4 

2 5 

1 8 

1.1 

N A 

1.6 

Total BTEX 
(ppb) 

N A 

88.800 

N A 

104.400 

N A 

47.135.000 

N A  

N A 

N A  

c62.000 

N A 

N A 

N A 

N o  laboratory description available 
(see chromatogram) 

Mixlure of I )  a slightly wearhered diaellfuel 
o i l  tl2.2) a slightly to un-weathered light 

petroleum product (gasoline?). and 3) minor 
amount o f  moderately to severly weathered 

heavy furllcrude oil. 

DRO 
(k) 

67 

77 

66 6 

85 

78 9 

77 

62 5 

86 

62.3 

89 

77 8 

58 

32 3 

V W W  
(cS) 

N A 

8.7 

N A 

5.4 

N A 

2.4 

N A 

N A 

N A 

5.3 

N A 

N A 

N A 

Non-Aqueous Phase Lnquid 

Non-Aqumus Phase Liquid 

18 6 

29 

54 3 

61 

27.2 

7 



Table 12-2 

Free Oil  and Soil  Analysis Information for Plume 13-AH, and 13-ICI A and C 

Free Oil Recovery Project 
Exxon Company. USA 
Bayonne, New Jersey 

W e l l h c n t i o n  I.D. 

MWl 

AT-l 

S@lc  
Cnvity 

N A 

N A 

Total  BTEX 
(ppb) 

N A 

N A 

Viymily 
(cS) 

N A 

N A 

Source or Datm 

Malwlm Pirnie 
Sprinp 1998 

Malcolm Pimie 
Sprinp 1998 

Plume 13-ICI C 

PTL-TPZ 

PTL-TPj 

PTL-TP4A 

PTL-TP4B 

PTL-TP4C 

PTL-TPS 

1 PTL-TP' 

PTL-TP7 

PTL-TP8 

L L - ,  

LL-2 

LL-3 

LL-4 

F i d d  Sample Description 

Non-Aqueous Phase Liquid 

Non-Aqueous Phase Liquid 

GC Fingerprint S u m m a 7  Description 

Nolaboratory descrtption available 
(see chromatopram) 

No laboratory descriplion available 
(see chromatopam) 

(see chromatopram) 

LL-6 
hlalwlm P ~ I C  No laboratory descr~ption available 

Sp r~ng  1998 (see chromatopram) 

'Representative of  mtire  coal ash 
thickness" 

"Th~ck tar-like substance" 

"Coal ash" 

"Coal ash wnlalnlng debris" 

"Coal ash raturatedwith petroleum" 

"Represenlatn,e of entire coal ash 
thickness' 

"Clean silly clay" 

Malwlm P ~ m i e  
Spring 1998 

Malwlm Plrnie 
Spring 1998 

Malwlm Pimie 
Spring 1998 

Malwlm Pimie 
Sprint. 1998 

hlalcolm Ptrnte 
Spring 1998 

Malcolm Pnrnie 
Sprzng 1998 

hlalcolm P~rn te  
Sprlng 1998 

Malwlm Plmte 
Spring 1998 

Malwlm Pirnie 
Sprtng 1998 

hlalcolm P m l e  
Sp r~ng  1998 

Malwlm Pimie 
Spring 1998 

hlalcolm ~ i m i e  
Spring 1998 

Malwhn Pimie 
Spring 1998 

GRO 
) 

45  

3 

NA 

NA 

NA 

NA 

N.4 

NA 

No laboratory descrtplion available 
(see chromatogram) 

No laboratory description available 
(see chromatogram) 

No laboratory descript~on available 
(see chromatogram) 

No laboratory descrtptxon available 
(see chroma~oeram) 

KO laborator?. descrnpt~on ava~lable 
(see chromato_eram) 

No laboratov descript~on available 
(see chromatogram) 

l o  laboratory descr~ption ava~lable 
[ see  chromatopram) 

No laboratory descript~on available 
(see chromatopram) 

No laboratory descript~on available 
(see chromatopram) 

No laborarov dcrcrspt~on available 
(see chromato~ram) 

Ho laboratory description available 
(see chromatogram) 

KO laboratory description available 
(see chromatoeram) 

No laboratory descript~on available 
(see chromatopram) 

No laboratory descr~ptton available 

NA 

HA 

NA 

NA 

NA 

HA 

DRO 
(A) 

44 8 

66 1 

"Representative of mtire  wa l  ash 
thlckness with petroleum" 

'Representat~ve of entire coal ash 
thickness with paroleum- 

"Representat~veof w a l  ash stained 
wilh petroleum' 

"Representative of w a l  ash stained 
with peuolcum' 

'Clean silty clay" 

"Silty clay saturaled with petroleum 
from drum" 

"Fine, black, uniform granular 
material" 

"Tar seep on ground surface" 

NA 

NA 

NA 

NA 

HA 

NA 

N A 

N A 

NA 

N A 

N A 

NA 

N A 

N A 

N A 

N A 

NA 

N A 

RRO 
(%) 

10.3 

30.9 

N A 

N A 

N A 

N A 

NA 

NA 

NA 

NA 

NA 

N A 

N A 

N A 

N A 

NA 

NA 

NA 

NA 

NA 

To181 VOCs - 
i ndud ing  TICS 

( P P ~ )  

NA 

NA 

NA 

N A  

NA 

N.4 

NA 

NA 

NA 

NA 

HA 

N A 

N A 

N A 

N A 

N A 

N A 

h A  1 NA 

N A 

N A 

N A 

N A 

N A 

NA 

N A 

N A 

N A 

N A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

N A 

N A 

N A 

h' A 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 

NA 



Table 12-2 

Free O i l  and Soil Analysis Information for Plume 13-AH, and 13-1C1 A  and C 

Free O i l  Recovery Project 

Exxon Company. U S A  

Bayonne. New Jersey 

Notes 
1) Data collected by Parsons GRO is defined as gasoline range organics wilh molecular range CB to C10 

DRO Is defined as dlesel range organics mth molecular range C1C-C25 
RRO is defined as residual range organics mth molecular range CZbC36r. 

1 

2) Data collected by Malcolm Pirnie: GRO is defined as gasoline range organlrr with molecular range cC10.5. 
DRO 1s dehned as diesel range organics with molecular range .ClO.bcC21.5. 
RRO is dehned as resldual range organics vdh molecular range C 2 1 5 .  

Hcll/Lorntion I.D. 

LL-7 

LL-IO 

LL-II 

LL- I 

LL- 

LL-12 SZ 

LL-12 D2 

LL-13 . 

LL-14A 

LL-14B 

LL-14C 

LL- I 

Source of Data 

Ma lw lm P~rnie 
Spring 1998 

Ma lw lm P~rnie 
Spring 1998 

Malwlm P~rnie 
Spring 1998 

hdalcolm Pirnic 
Spr~ng 1998 

h4alcolm Pirnie 
Sprlng 1998 

h4alwlm Pirnie 

Sprlng 1998 

Ma lw lm Pirnve 
Spring 1998 

Malcolm Plrnie 
Spring 1998 

hfalcolm P~rnie 

Spr~ng 1998 

Ma lw lm Pirn~e 
Spring 1998 

Malcolm Pirnie 
Spring 1998 

hlalcolm Pirnie 
Spr~ng 1998 

G C  Fingerprint Summny k c r i p t i o n  

Ho laboratory descr~pt~on available 
(see chromatogram) 

No laboratory description available 
(see chromatogram) 

No laborarory description available 
(see chromawgram) 

No laborarory descr~ptton available 
(see chromatogram) 

No laboraton description available 
(see chromatogram) 

No laboratory descrxption aeallable 
(see chrornaro~ram) 

No laboratory dercr~ption available 
(see chromatogram) 

No laboratory description available 
(see chromatogram) 

So laborato? description a\-ailable 
(see chromatogram j 

&o laboratory descrlpt~on available 
(see chromatogram) 

Uo laboratory dcrcr~ption available 
(see chromatogram) 

So laboraton. dercrlptton axallable 
(see chromatopram) 

Field Snmplc Description 

'Clean silty sanUsilty clay and fill" 

'Whitish-gray logreenish par i f in 
like material' 

"Coal ash where dark petroleum like 
fluid is flowing into pit" 

ash and thick dark' 
fine to medium whesive sandy 

material" 

"Coal ash saturated with petroleum' 

-Tar likesticky cinder filled 
mater~al" 

"Coal ash with clay raturatedwith 
petroleum" 

"Thick black product f low~ng into 
pit from all d~recuons" 

"Soidified tar like material similar to 
asphault" 

'Tar like material" 

"Unknown macrial. silty clay like 
te~rure. strong perroleurn odor" 

Sample o f  V!swvs product floating 
on the water surface" 

GRO 
) 

N A  

N A  

NA 

N A  

N A  

K A  

N A  

HA 

N A  

N A  

N A  

DRO 

(%) 

N A  

N A  

NA 

N A  . 

N A  

N A  

N A  

N A  

N A  

NA 

N A  

RRO 
1%) 

N A  

N A  

NA 

N A  

N A  

N A  

N A  

NA 

N A  

N A  

K A  

Total VOCs - 
indudingTICs 

( P P ~ )  

N.4 

N A  

N  A  

K A  

N A  

H A  

N  A  

N A  

N  A  

N A  

H A  

N A  

Total BTEX 
(ppb) 

N  A  

N A  

N A  

N  A  

N  A  

N  A  

K A  

H  A  

N A  

N  A  

N A  

N  A  

Viucoaiy 
(6) 

N  A  

N A  

N  A  

N  A  

N  A  

N  A  

N A  

N A  

N A  

N A  

N  A  

N A 

Spmlir 
Gnrity 

N A  

N A  

N A  

N A  

N A  

N A  

N A  

N A  

N A  

N A  

N A  

N A  



Table 12-3 

Soil Profile Data for Plume 13-AH and 13-ICI A 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

( I )  * =Duplicate 

(2) NA = Not Available 

(3) The depth to water in AHFSBI was approximately 5 feet below the ground surface. 

(4) The depth to water in IClMWl was approximately I2 feet below the ground surface. 

(5) The depth to oiVwater in l C W 2  was approximately I5 feet below the ground surface. 

(6) The depth to oil/water in I C W 3  was approximately 8 feet below the ground surface. 

Sample No. 

AHFSB 1-0 

\ AHFSB 1-2 

AHFSBI -4 

AHFSBI -4* 

AHFSB 1-6 

ICIM W I 

lClMW2 

ICIMW3 

Depth (feet) 

0.0 - 0.8 

2.0 - 3.8 

4.0 - 5.6 

4.0 - 5.6 

6.0 - 7.6 

5.0 - 6.6 

15.0 - 17.0 

5.0 - 7.0 

Oil and Grease (%) 

4.88 

1.40 

0.28 

0.43 

0.47 

0.02 

N A 

NA 

Moisture (%) 

13.44 

19.53 

13.96 

N A 

11.8 

17.92 

N A 

N A 

Porosity 

0.49 

0.34 

0.32 

N A 

0.26 

0.33 

N A 

NA 

Comments 

Plume 13-AH 

Plume 13-AH 

Plume 13-AH 

Plume 13-AH 

Plume 13-AH 

Plume 13-ICI A 

Plume 13-ICI A; 
Failed Shelby Tube 

Plume 13-1C1 A; 
Failed Shelby Tube 



Table 12-4 

Pump Tcst Re$t~lts for Plumes 13-Al l  and 13-lCl 

Free O i l  Recovery Project 

Exxon Company.USA 

Bayonnc. New Jersey 

Note 
( I )  Removal of oil from the wcll during dual fluids tests with greater groundwater drnwdowns war hampered by the high viscosity ofthc oil and emulsification 

Well I D  

GMMW28 
Plume I )-AH 
(Erronrda) 

AHFhW-I  
Plume 13-AH 
fErr0nrl.I 

G h W 2 6  
Plume 13-ICI A 
(Exron sac) 

lClh4Wl 
Plume 13-ICI A 
rlCl s d m )  

IC IhW2 
Plume 13-1CI A 
(ICI ma) 

I C I W 3  
Plume 13-ICI A 
flCl +!a) 

W 9 S  
Plume 13-ICI 0 
(ICI ,I.) 

NAPL Skimmer Tests 
Date 

Totnl (dt~nl) Flllids Pumping Tests 

7/31/97 P 35 0.000 

9/8/97 P 130 0 040 

7/25/97 P 107 0020 

(no tal ing war performed 
because no oi l  entered 
the test well) 

10/29/98 P 320 0.230 
10/30/98 P 185 0 250 

11/2/98 P 318 COO8 
11/4/98 P 249 0.050 

10/28/98 P 3059 0.00007 
11/5/98 P 1845 000006 

S 

o 
u 

r 
c 

e 

Date 
Vacuum Enhanced Total (dual) Fluids Pumping Tests 

Dnte Durallon 

(min ) 

7/31/97 P 106 0.000 > I0  <SO 003 4.5 0.007 

9/8/97 P 70 0 030 >50 060 0 6  1.017 
9/9/97 (1) 

7/25/97 P I W  0030 5 <I0  007 8 8 0.008 
7/25/97 P 80 0.020 >% < I 0  005 10.7 0.005 

(no testing was performed because no oil cntcrcd the test well) 

(not needed because the 0 I gpm rate was achieved in the previous tat)  

11/3/98 P 135 0,100 > I0  C50 0.06 0 3  0.2 
200 0070 > I0  c50 0.10 3 3  0.03 
90 0.060 > I0  C50 0.12 5 3 0.02 

(no funher testing was proposed at this plume) 

S ' 
o 

u 
r 

c 

e 

Stabilized 
RateofOil 
Recoverv 

(gpm) 

7/31/97 P 89 0 . W  > I0  C50 0.W 002 49 

9/9/97 P I20 0.090 > I0  <SO 0.4 1.15 41 

7/28/97 P I32 0.030 >5 < I0  0 06 4.0 50 

(no tesfing wm performed because no oi l  entered the l a 1  well) 

(not needed because the 0.1 gpm role war achieved in the previous tat)  

(not n d e d  bwausc the 0.1 gpm rate war achieved in the previous tcsl) 

(no F~nhcr taring war pmporcd at this plume) 

Duration 
(min.) 

S 

o 
u 

r 
c 

c 

Radius o f  Influence - 
vac (feet) 

Stabilized 
Rate of Oil 
Recovery 

( B P ~ )  

Duration 
(min.) 

Stabililcd 
Rate of Oil 
Recovery 

( B P ~ )  

Ground 
Water 

Pumping 
Ratc 

( B P ~ )  

Radius of Influence - 
gw (feet) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

Ground 
Wafer 

Pumping 
Rate 

(gpm) 

Q 

Applied 
Vacuum 
(in o f  

H,O) 

Sustained 
Ground 
Water 

Drawdown 
(feel) 

s 

Specific 
Capacity 

(gpm/ft of  
drawdown) 

Q/s 



NJDEP Submittal, Mar-98 

13.0 Plume 14 (Lube Oil Area) 

13.1 Introduction 

Plume 14 exists in the Lube Oil Area (Figure 13-1 and Figure 13-2). 

Currently, the Lube Oil Area consists of five tank fields. The field are as follows: Finished Products, 
Lube Base Stock, Necton, Wax, and Former Bulk Wax Shipping Tanks. Within these five fields are 
approximately 236 above ground storage tanks (Geraghty & Miller, 1995). Approximately 200 of 
these tanks in the northern portion of the Lube Oil Area store various petroleum products, such as 
transmission fluid, lubricating oils, oil additives, and waxes. Also, in the southern portion of the area, 
two tanks near Pier 1 are used for 90-day hazardous waste oil storage, and four tanks are associated 
with the processes at the West Side Treatment Plant (Geraghty & Miller, 1995). The Lube Oil Area 
also includes a tank car transfer area, a tank truck loading and unloading area, and a blending and 
packaging warehouse. The operational history of this area includes different processes, which were in 
a more dense configuration than exists today. 

In 1940, the Lube Oil Area included several operational areas in a different and more dense 
configuration than exists today. These former areas included a refining area, a mixing and blending 
area, a wax production area, a bulk wax shipping tank field, the main office building, various shop 
buildings, a barrel factory, and refrigerating buildings (Geraghty & Miller, 1995). 

13.2 Field Work 

13.2.1 Free Oil Delineation Tasks 

Nine temporary wells were installed in the Lube Oil Area (LUBTMW 1 through LUBTMW9) (2 
more than specified in the FORP Workplan). NJDEP permits for the installation of these wells are 
included in Appendix N. 

Installed one permanent well (LUBMWI), as specified in the Work Plan. 

As required by the Workplan, performed 1 soil boring (LLBSBI) near existing wells GMMWI. 
Collected 3 soil samples (one less than specified in the Workplan) for analysis of FORP Workplan 
design parameters (% residual oil, % water, porosity, and bulk density). Also, one of these soil 
samples collected within the oil zone on the water table was analyzed for grain size. 

Measured the apparent thickness of oil in all existing and proposed wells in the Lube Oil Area in 
accordance with the Workplan. In total, 21 measuring events were taken. 

Performed free oil characterization on 5 samples (1 more than specified in the Workplan). The 
following analyses were performed: 1) GC fingerprinting: LUBTMW3, LUBTMW6, GMMWI, 
GMMW 19, and EB17; 2) m: LUBTMW3, LUBTMW6, GMMW 1, and GMMW19; 3) Viscosity: 
LUBTMW3, LUBTMW6, GMMWl, and GMMW19. 

13.2.2 FORP Design Support Tasks 

As specified in the Workplan, performed 4 bail down tests in the Lube Oil Area (LUBTMW4, 
LUBTMW6, GMMWI, and GMMWI 9). 
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Performed free oil recovery rate testing at 1 well (GMMWI), as specified in the Workplan. 

Prior to the test at GMMW 1, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (LLBTOWI through 3), as required by the Workplan. Performed free oil skimmer testing, total 
dual fluids pumping, and vacuum enhanced testing at well GMMW I .  

13.3 Description of Hydrogeology 

The hydrogeology of the Lube Oil Area is summarized in the following bulleted items: 

The subsurface materials generally consist of fill to a depth of approximately 15 feet 'below the 
ground surface. At the Lube Oil Area, the fill was composed of mostly fine sand with varying coarser 
sand and gravel components and artificial debris [i.e., brick chips, wood; cinders and concrete 
fragments were reported by Geraghty & Miller (1 9991. In the southern two thirds of the area, a silt 
layer (from 0.3 feet to at least 2 feet thick) was encountered within the fine sand fill and it generally 
thickens to the south. The silt layer was encountered between 8 feet and 10 feet below the ground 
surface in the FORP borings. In borings performed in the eastern portion of the area for a previous 
study, the silt layer was up to 4 feet thick (Geraghty & Miller, 1995). 

In the vicinity of where the thickest apparent free oil was measured at Plume 14, the subsurface 
material near the water table consisted of very fine sand, and fine sand with little silt and trace gravel 
(LUBTMW6 and 7). 

Grain size analysis of a soil sample collected near the water table (from 8.0 feet to 8.5 feet) in a 
boring performed adjacent to GMMW 1 indicated that the subsurface material is fine-grained. 
Specifically, the sample contained approximately 24% silt and clay, 33% fine sand, and the remaining 
43% was composed of coarser sand and gravel particles. The results of this analysis are generally 
consistent with the soil description from Plume 14 given above. 

An unconfined groundwater zone is present in the fill on-site, and groundwater in the Lube Oil Area 
is generally between 5 feet and 6 feet below the ground surface. 

The groundwater flow direction is predominantly to the south (Figure 3-1). However, it is 
noteworthy that a groundwater mound exists in the south-central portion of the area; the mound may 
be caused by perching of the water table above the silt layer that exists in the southern portion of the 
area. This mound directs groundwater flow away from the central part of the Lube Oil Area to the 
west toward the Platty Kill Canal and to the east toward the eastern part of the Lube Oil Area. The 
hydraulic gradient in the northern portion of this area is 0.003. 

The unconfined groundwater zone is not influenced by tidal fluctuations based on an analysis of 
depths to water taken in monitoring wells at low and high tides. 

13.4 Free Oil Delineation Results 

13.4.1 Apparent Free Oil Thickness 

Plume 14 is defined to 0.1-foot apparent thickness contour on the Exxon facility, as required by the 
FORP Workplan (Figure 13-1). A total of 27 wells were used for the delineation. The horizontal 
extent of the Plume 14 has been confirmed, and no further delineation is required. 
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Plume 14 is an elongate plume that trends in a north-south direction within the Lube Oil Area. The 
north-south ejongation of the plume is consistent with the general southern direction of groundwater 
flow. The maximum free oil thickness was 6.63 feet at LUBTMW6 in the extreme northern portion 
of the plume. Most of the apparent thickness plume is characterized by less than 1 foot of oil. 

The horizontal extent of the apparent free oil thickness in Plume 14 is generally the same as how it 
was depicted in the Geraghty & Miller (1995) report, however, the free oil apparent thickness in the 
northern portion of the plume is significantly greater than shown by Geraghty & Miller (1995) 
(Figure 13-1). 

13.4.2 True Free Oil Thickness 

The true free oil thickness at Plume 14 is comprised of two free oil areas with thicknesses greater than 
0.1 feet, one at the north end of the plume and another at the southern end (Figure 13-2 ). The 
maximum true free oil thickness was 1.11 feet at LUBTMW6. 

An exaggeration ratio of 6 was used for Plume 14. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 14 was derived using results from subsurface soil 

descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996); 3 baildown tests completed 

at the Lube Oil Area (Table 13-1). The subsurface material near the water table consisted of very fine sand, and fine sand 
with little silt and trace gravel. We interpret these descriptions to correspond to a soil type between a sandy loam and loam 

using the soil types given on the exaggeration ratio chart cited in EPA (1996). According to EPA (1996), the ratio of 

apparent to true free oil thickness for a soil of this type has a range of between approximately 2 and 6. In addition, the 

exaggeration ratios from three baildown tests showed a large range of values, from 3.20 to 11.05; the average exaggeration 

ratio was calculated to be 8.04. The average exaggeration ratio derived using the baildown tests is slightly greater than 

expected considering the grain size descriptions. Therefore, given the available data, an exaggeration ratio of 6 was used for 

Plume 14. The apparent free oil thickness and true free oil thickness data and graphs for this plume are contained in 
Appendix N. 

13.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 14 and 
are included on Table 13-2. 

Generally, the GC fingerprint data show that the free oil from the northern, central and southern ends 
of Plume 14 are generally different. 

At the northern end of the plume, the sample from LUBTMW6 was shown to be comprised of a 
moderately weathered crude oil admixed with a gasoline range product(s) (and possibly a minor lube 
oil/asphalt product). 

In the central portion of the plume, the samples from LUBTMW3 and GMMW 1 each contained very 
different oils. The sample from LUBTMW3 was comprised of gasoline and diesel range product(s) 
while the sample from GMMW1 was comprised of a mixture of diesel fuel oil #I with a lube oil or 
severely weathered crude oil. 

Further south within Plume 14, oil from well GMMW 19 contained mixtures of gasoline range and 
diesel range products, which were similar to that found at LUBTMW3 in the central portion of the 
plume. 
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At the southern end of Plume 14, the oil from EBI 7 was comprised of a severely weathered diesel 
hellhe1 oil #2, which was distinct from the sample at nearby GMMW19. 

The variability of the VOC data for the free oil samples provides additional support for a release of 
various products in this area (Table 13-2). 

The specific gravity of the free oil collected from two wells installed during a previous study (EB 17 
and EB24) were 0.9 18 and 0.895. 

Analyses of soil profile samples from a soil boring approximately 5 feet from well GMMW1, which 
had 0.55 feet of free oil (apparent) during the FORP, showed that the percent of oil and grease in the 
soil samples decreases with depth above the water table (Table 13-3). The proximity of free oil 
sources to this location is not clear from this profile. The laboratory data for percent oil is contained 
in Appendix N. 

13.6 Potential Sources of Free Oil 

Historical areas of potential sources of free oil at the Lube Oil Area include above ground storage tanks, 
underground storage tanks, oillwater separators, drum storage areas, loading and unloading areas, West 
Side Treatment Plant, and sewers and septic systems (Geraghty & Miller, 1994). 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the Lube Oil Area: 

Although there are numerous documented spills of oil within the Lube Oil Area, none of the spills 
occurred in the northern portion of the Plume, where the thickest apparent free oil was measured. 
Also, there were no documented spills that occurred within the rest of the footprint of Plume 14 . 

A tank truck loading and unloading area was located over the area where the thickest apparent free oil 
was measured (6.63 feet in well LUBTMW6). While the geographic location of this truck 
loading/unloading area suggests that it may be a potential source, there are no documented spills in 
this area. 

A former gasoline underground storage tank was located in the central portion of Plume 14, near 
LUBTMW3, where unspecified gasoline products were found. However, the GC fingerprint results 
indicate that they are probably not gasoline. 

There are two cracks in Main Sewer Line #1 in the northern portion of Plume 14 (north of MH 1-7 and 
near LUBTMWG), however, the invert elevations of this line is below the water table, according to 
sewer inspections, suggesting that it is not an area where oil may have been potentially discharged. 

A zone of densely spaced cracks in the sewer lines was documented between MH 1 - 1 1 and MH 1 - 16, 
which overlaps with the southern portion of Plume 14, however, as is the case for most of Main Line 
# 1, the invert elevations of these lines are below the water table, making them unlikely sources for a 
release of oil. 
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13.7 Free Oil Pump Testing Results 

Free oil pump tests were performed at well GMMW 1 in the southern portion of Plume 14 (Table 13-4), 
which is a non-tidal area. The results of the tests are summarized below. The detailed results are 
contained in Appendix N. 

At well GMMW 1, the maximum sustained oil recovery rate of 0.04 gprn to 0.05 gprn was obtained 
during both the total dual fluids pumping test and the vacuum enhanced test; the low-end recovery 
rate for these tests was 0.04 gprn (Table 13-4). The sustained oil recovery rates for the skimmer test 
was an order of magnitude less than for the other tests. During the dual fluids pump test at this well, 
the radius of groundwater influence was between 10 feet and 50 feet, using a groundwater pumping 
rate of between 2.35 gprn and 2.44 gpm. 

13.8 Description of Existing Free Oil Recovery System 

There is no existing free oil recovery system at the Lube Oil Area. 

13.9 Conceptual Strategies for Free Oil Recovery Design 

The pumping test results at well GMMW 1 showed that the sustained oil recovery rate was 0.05 gprn 
during the total dual fluids pumping test and it was 0.04 gprn for the vacuum enhanced test. During 
the dual fluids pump test at this well, the radius of groundwater influence was between 10 feet and 50 
feet, using a groundwater pumping rate of just over 2 gpm. 

At Plume 14, sustained free oil recovery is not practicable at this time, based on the 0.1 gprn oil 
recovery criterion. However, conceptual remedial methods for oil recovery to be evaluated even 
though the yields are anticipated to be less than 0.1 gprn include total dual fluids pumping or vacuum 
enhanced pumping, both of which produced approximately the same recovery rate. 

At Plume 14, the following additional information should be considered for the design of a free oil 
recovery system: 1) There are access considerations due to highly trafficked areas, including 
roadways and loading docks; 2) The western and southern margins of the plume are in active tank 
and railroad areas where daily operations would be in conflict with construction efforts; 3) Numerous 
overhead and buried pipe systems (water, electric, and tank) exist at the south end of the plume; 4) 
There is an oil pipeline along the northern edge of the plume (i.e., along the railroad); and 5) The area 
at the north side of the Lube building was identified as an area of high density chromium 
contamination. 
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Table 13-1 

Baildown Testing Results for Plume 14 

Free Oil Recovery Project 
Exxon Company, USA 

Bayonne, New Jersey 

6 Applied Exaggeration Ratio 

Test Date 

711 5/97 
81419 7 

7130197 

7130197 
8.04 Average Exaggeration Ratio 

Well ID 

LUBTMW6 

GMMWl 
GMMW 19 

LUBTMW4 

Data 
Source: 

P-Parsons 
R-Raviv 

P 
P 
P 
P 

Apparent 
Oil 

Thickness 
in Well 
(feet) 

6.63 

0.64 
0.03 

1.07 

Actual 
Product 

Thickness in 
Formation 

(feet) 

0.60 

0.20 

0.00 

0.11 

Multiplier - 
Based on 

Design Data 

1 1.05 
3.20 

9.86 
9.86 

Comments 

Not Included in average; data questionable 



Table 13-2 

Free Oil Analysis Information for Plume 14 

Free Oil Recovery Project 

Exxon Company, USA 

Bayonne, New Jersey 

Note: 
NA=Not Available 

Well I.D. 

GMMWl 

GMMW19 

LUBTMW3 

LUBTMW6 

E131 

El324 

Total VOC's 
( u g w  

2,936,000 

16,365,000 

36,630,000 

8,630,000 

N A 

NA 

CC Fingerprint Summary 
Description 

Mixture of moderately 
weathered diesel fuel oil #I 
with a lube oil or severely 

weathered crude oil 

Mixture of slightly weathered 
diesel range product (probably 
diesel fuel or fuel oil #2) and 
an unspecific gasoline range 

product(s), probably not 
gasoline 

Mixture of a moderately 
weathered diesel range 

product (probably diesel fuel 
or fuel oil #2) and an 

unspecified gasoline range 
product(s), probably not 

gasoline 

Moderately weathered crude 
oil which is mixed with a less 

weathered, yet unspecific 
gasoline range product(s) 

Severely weathered diesel 
fuel #2 or fuel oil #2 

NA 

Total BTEX 

(ugfl<g) 

0 

15,000 

0 

0 

N A 

N A 

GRO 
(%) 

7 

21 

14 

6 

1 

NA 

Viscosity 
(cS) 

7.4 

2.0 

4.3 

8.0 

6.9 

NA 

DRO 
(%) 

58 

74 

84 

64 

93 

NA 

Specific Gravity 

NA 

NA 

NA 

NA 

0.91 8 

0.895 

RRO 
(%) 

35 

5 

2 

30 

6 

NA 



Table 13-3 

Soil Profile data for Plume 14 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

( I )  NA =Not  Available 

(2) The depth to water in LUBSBI was approximately 6 feet below the ground surface. 

Sample No. 

LUBSB 1-2 

LUBSB 1-4 

LUBSB 1-8 

Depth (feet) 

2.0 - 2.7 

4.0 - 4.4 

8.0 - 8.5 

Oil and Grease (%) 

2.04 

0.27 

1.72 

Moisture (%) 

16.30 

NA 

28.34 

Porosity 

0.59 

NI A 

0.52 



Table  13-4 

Pumping  Test  Results for  P lume  14 

Free Oil Recovery Project 

Exxon  Company ,  USA 
Bayonne,  N e w  Jersey 

Well ID 

GMMWl 

NAPL Skimmer Tests 
Date 

Total (dual) Fluids Pumping Tests 

8/8/97 P 76 0.004 

S 
o 
u 
r 
c 
e 

Vacuum Enhanced Total (dual) Fluids Pumping Tests 
Date Date 

8/8/97 P 60 0.05 >I0 5 0  2.35 2.2 1.083 

8/8/97 67 0.04 >I0 5 2.44 3.7 0.665 

Duration 
(min.) 

Duration 
(min.) 

S 
o 
u 
r 
c 
e 

Stabilized 
Rate ofoi l  
Recovery 

(gpm) 

811 1/97 P 295 0.040 >I0 <50 7.5 2.6 50 

S 
o 
u 
r 
c 
e 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

Duration 
(min.) 

Radius of Influence - 
gw (feet) 

Stabilized Rate 
of Oil Recovery 

(gpm) 

Ground 
Water 

Pumping 

Rate (gpm) 

Q 

Radius of Influence - 
vac (feet) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

s 

Specific 
Capacity 

(gpmlfi of 
drawdown) 

Qls 

Ground 
Water 

Pumping 
Rate (gpm) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

Applied 
Vacuum (in 

of H,O) 
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14.0 Plumes 15,16 and 16a (Platty Kill Canal Area) 

14.1 Introduction 

Plumes 15, 16, and 16a exist in the Platty Kill Area (Figure 14-1 through Figure 14-5). 

Currently, the Platty Kill Canal Area (Stockpile Area) is located at the western boundary of the 
Bayonne Plant. It currently consists of a vacant, unpaved lot used for temporary storage of scrap 
metal and other construction debris from former structures and buildings (Geraghty & Miller, 1994). 
Prior to the mid 1970s, the area contained a Wax Plant Building, a Phenol Lube Oil Treating Plant, 
and a MEK Dewaxing Plant, all of which were integral parts of wax production and lube oil 
manufacturing. 

14.2 Field Work 

14.2.1 Free Oil Delineation Tasks 

Nine temporary wells were installed at Plume 15 (PKCTMWI through PKCTMWS, and 
PKCTMW14) (1 more than specified in the Workplan). NJDEP permits for the installation of these 
wells are included in Appendix 0. 

Four temporary wells were installed at Plume 16 (PKCTMW9 through PKCTMW11, and 
PKCTMWl5) (1 more than specified in the Workplan). NJDEP permits for the installation of these 
wells are included in Appendix 0 .  

One temporary well was installed at Plume 16a (PKCTMW13). Also, two additional wells at Plume 
16 (which were initially intended as temporary) were retained as permanent wells (PKCTMW 12 and 
PKCTMW16). In the end, 1 additional well beyond that originally proposed in the FORP Workplan 
was installed at Plume 16a. NJDEP permits for the installation of these wells are included in 
Appendix 0 .  

Installed two permanent wells at Plume 15 (PKCMWI and PKCMW3) (1 more than required by the 
Workplan). Prior to the installation of permanent well PKCMWl, a temporary well was installed at 
the same location (PKCMW IT). 

As required by the Workplan, installed one permanent well at Plume 16 (PKCMW2). Prior to the 
installation of permanent well PKCMW2, a temporary well was installed at the same location 
(PKCMW2T). 

As required by the Workplan, performed 2 soil borings (PKCMWIT and PKCMW2T) and collected 
soil samples. Collected 3 vadose zone soil samples from each boring for a total of 6 samples (2 less 
than specified in the Workplan due to the short length of the vadose zone at each location). 
Submitted these samples for analysis of FORP Workplan design parameters (% residual oil, % water, 
porosity, and bulk density). Also, at each boring, one soil sample was collected within the oil zone at 
the water table for grain size analysis, as specified in the Workplan. 

Measured the apparent thickness of oil in all existing and proposed wells in the Platty Kill Canal 
Area in accordance with the Workplan. In total, 23 measuring events were taken at Plumes 
15/16/16a. 
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Performed free oil characterization on 6 samples (2 more than specified in the Workplan). The 
following analyses were performed: 1) GC fingerprinting: PKCTMW 14, GMMW 12, PKMW 1, 
PKCTMW 15, PKMW 1 1, and PKCTMW12; 2) VOA: PKCTMW 14, PKMW 1, PKMW 1 1, and 
PKCTMW12 ; 3) Viscosity: PKCTMW14, GMMW 12, PKMWl, PKCTMW15, PKMW 1 1, and 
PKCTMW12. 

14.2.2 FORP Design Support Tasks 

Performed 3 baildown tests on unconfined wells in the Platty Kill Canal Area (PKCTMW1, 
PKCTMW14, PKMWI); one of the proposed wells (EB19) already had baildown test data from 
Raviv (1995) and, therefore, no test was done at this well. Also, two baildown tests were performed 
on wells screened in the confined groundwater zone (PKMW11 and PKCTMW12) (the Workplan 
called for 1 test to be performed in this lower zone). 

Performed free oil recovery rate testing at 2 wells (PKCMW3 - Plume 15, and PKMWl - Plume 16), 
the same number as specified in the Workplan. 

Prior to the test at PKCMW3, installed three observation wells at 5, 10, and 50 foot intervals from 
the well (PKCTOWI through 3), as required by the Workplan. Performed free oil skimming, total 
dual fluids pumping and vacuum enhanced testing at well PKCMW3, the same number of tests 
specified in the Workplan. 

Prior to the test at PKMW1, installed three observation wells at 5, 10 and 50 foot intervals from the 
well (PKCTOW4 through 6), as required by the Workplan. Performed total dual fluids pumping and 
vacuum enhanced pumping tests at well PKMWl, as indicated in the Workplan. 

14.3 Description of Hydrogeology 

The hydrogeology of the Platty Kill Canal Area is summarized in the following bulleted items: 

The subsurface materials at the Platty Kill Canal Area generally consist of fill to depths of 
approximately 10 to 13 feet below the ground surface. The fill is generally composed of fine to 
medium sand, with slag, cinders, wood, brick and coal material; there are portions of the fill area 
composed of very fine sand or silt based on the FORP borings. A peatlsilt layer is present below the 
fill. The borings performed for the FORP confirmed the presence of the peatlsilt layer (between 1.4 
feet and 7 feet thick) in the central and eastern portions of the Platty Kill Canal Area; Raviv (1995) 
reported that this layer is up to 8 feet thick in some locations. The peatlsilt layer overlies a zone of 
fine sand with interbedded gravel layers, which was also reported by Raviv (1995). 

At Plume 15, in the vicinity of where the thickest apparent free oil was measured (PKCTMW14), the 
subsurface material near the water table consisted of fine to coarse sand, little fine gravel, trace silt 
with varying amounts of brick and wood fragments. 

At Plume 16, in the vicinity of where the thickest apparent free oil was measured, the subsurface 
material near the water table consisted of fine to coarse sand, little gravel, trace silt with varying 
amounts of brick and wood fragments. 

At Plume 16a (which is in the confined groundwater zone), in the vicinity where the thickest apparent 
free oil was measured, the subsurface material below the base of the peatlsilt layer consisted of fine 
sand with some silt, but in some locations these sands were interbedded with fine gravel. 
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At Plume 15, grain size analysis of a soil sample collected near the water table (from 6.0 feet to 7.2 
feet) in a boring (PKCMWI T) indicated that the subsurface material contained approximately 16%, 
silt and clay, 33% fine sand, and the remaining 5 1% was composed of coarser sand and gravel 
particles. 

At Plume 16, the grain size analysis from boring PKCMW2T (from 4.0 feet to 5.2 feet) indicated that 
the subsurface material contained approximately 7% silt and clay, 41% fine sand, and the remaining 
52% was composed of coarser sand and gravel particles. The results of these analyses are consistent 
with the soil descriptions for the interval near the water table given above. 

Free oil is present in both the unconfined groundwater zone and the confined groundwater zone at the 
Platty Kill Canal Area. The groundwater at Plumes 15 and 16 in the Platty Kill Canal Area is 
generally between 2 feet and 5 feet below the ground surface, which is within the fill. Plume 16a 
occurs within the sand and interbedded gravel zone below the peat/clay layer. The peat/silt layer is 
relatively impermeable and forms a horizontally extensive confining layer which limits vertical 
groundwater flow and potential free oil migration between the fill and the underlying soils (Raviv, 
1995). 

The groundwater flow direction in the unconfined groundwater zone at Plume 15 is to the southeast 
based on the mid-tide groundwater contour map, and the hydraulic gradient across this plume is 0.01 1 
(Figure 3-1). 

At Plume 16, the direction of flow in the unconfined zone is to the south and southwest toward Platty 
Kill Canal; the gradient at this plume is 0.018 (Figure 3-1). 

In the confined groundwater zone at Plume 16a, the groundwater flow direction is generally to the 
southwest toward Platty Kill Canal, and the hydraulic gradient is 0.002 (Figure 3-1). A reversal of 
groundwater gradient exists at high tide between the Platty Kill Canal (at the tidal gauging station) 
and well PKMW13 due to the lag of the tidal effect in the formation. Raviv (1994) also reported that 
a gradient reversal in wells PKMW12 and PKMW13 existed at high tide. There is no reversal of 
gradient based on average tidal elevations in these wells and the Platty Kill Canal tidal gauging 
station. 

The unconfined groundwater zone is influenced by tidal fluctuations based on an analysis of depths to 
water taken in monitoring wells at low and high tides. The tidal influence (of greater than 0.1 feet 
change) affected only three wells that exist along the bend in Platty Kill Canal. The maximum tidal 
variation in these wells was 2.10 feet. The tidal influence extended approximately 75 feet inland. 

In the confined zone the piezometric head of groundwater was also affected by the tides. In the 
confined groundwater zone the magnitude of the maximum tidal variation (1.09 feet) was less in the 
unconfined zone, but the extent of inland influence was noticeably greater. A change of more than 
0.1 foot was detected up to 250 feet inland. 
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14.4 Free Oil Delineation Results 

14.4.1 Plume 15 

Apparent Free Oil Thickness 

Plume 15 is defined to 0.1 -foot apparent thickness contour on the Exxon facility, as required by the 
FORP Workplan (Figure 14-1). A total of 17 wells were used to delineate the plume. The horizontal 
extent of the Plume 15 has been confirmed, and no further delineation is required. 

Plume 15 is an elongate plume that occurs in the northern portion of the Platty Kill Canal Area, near a 
large stockpile of soil and construction debris, and it extends into the northwestern portion of the 
Lube Oil Area. It is generally elongated parallel to the direction of groundwater flow in this area. 
The maximum apparent free oil thickness was 1.75 feet at PKCTMW14 (Figure 14-1). 

True Free Oil Thickness 

Plume 15, based on true free oil thickness, is comprised of a long, thin area of free oil that is greater 
than 0.1 feet thick (Figure 14-2 ). The maximum true free oil thickness was 0.44 feet at 
PKCTMW14. 

An exaggeration ratio of 4 was used for Plume 15. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 15 was derived using results from subsurface soil 

descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and 2 baildown tests 

completed at the Plume 15 (Table 14-1). The subsurface material near the water table consisted of fine to coarse sand, little 

fine gravel, trace silt with varying amounts of brick and wood fragments. These descriptions correspond to a soil type of 

between sand and sandy loam using the soil types given on the exaggeration ratio chart cited in EPA (1996). According to 
EPA (1 996), the ratio of apparent to true free oil thickness for soil of these types has a range of between 1.5 and 4. In 

addition, the exaggeration ratios from 2 baildown tests were 1 1.80 to 12.14, and the average ratio was 1 I .97. This average 

exaggeration ratio is greater than it was expected to be considering the grain size descriptions, and in order to develop a 

conservative ratio, less weight was given to the baildown testing results compared to the other data. Therefore, given the 

available data, an exaggeration ratio of 4 was used for Plume 15. The apparent free oil thickness and true free oil thickness 

data and graphs for the baildown tests at this plume are contained in Appendix 0. 

14.4.2 Plume 16 

Apparent Free Oil Thickness 

Plume 16 is defined to 0.1-foot apparent thickness contour on the Exxon facility, as required by the 
FORP Workplan (Figure 14-3). A total of 22 wells were used to delineate the plume. The horizontal 
extent of the Plume 16 has been confirmed, and no further delineation is required. 

Plume 16 is an irregularly shaped plume that exists in the central portion of the Platty Kill Canal 
Area. The plume is generally the same shape as shown in the FORP Workplan, except that it now 
extends farther to the southeast based on new wells installed in this area. The maximum apparent free 
oil thickness was 3.23 feet) in an old temporary well (LOSB8). The maximum thickness in an 
existing well (EB19) was 1.93 feet (Figure 14-3). 
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True Free Oil Thickness 

Plume 16, based on true free oil thickness, is a horseshoe-shaped area of free oil that is greater than 
0.1 feet (Figure 14-4 ). The maximum true free oil thickness was 0.92 feet at LOSB8. 

An exaggeration ratio of 3.5 was used for Plume 16. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 16 was derived using results from subsurface 

soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), and 2 baildown tests 
completed at the Plume 16 (Table 14-1). The subsurface material near the water table consisted of fine to coarse sand, little 

gravel, trace silt with varying amounts of brick and wood fragments. We interpret these descriptions to correspond to a soil 

type of between sand and sandy loam using the soil types given on the exaggeration ratio chart cited in EPA (1996). 

According to EPA (1996), the ratio of apparent to true free oil thickness for soil of these types has a range of between 

approximately 2 and 4. In addition, the exaggeration ratios from 2 baildown tests were 3.03 and 3.94, and the average ratio 
was about 3.5. This exaggeration ratio is in line with what would be expected based on the grain size descriptions. 

Therefore, given the available data, an exaggeration ratio of 3.5 was used for Plume 16. The apparent free oil thickness and 
true free oil thickness data and graphs for the baildown tests at this plume are contained in Appendix 0. 

14.4.3 Plume 16a 

Apparent Free Oil Thickness 

Plume 16a is defined to 0.1-foot apparent thickness contour on the Exxon facility, as required by the 
FORP Workplan (Figure 14-5). A total of 9 wells were used to delineate the plume. The horizontal 
extent of the Plume 16a has been confirmed, and no further delineation is required. 

Plume 16a is an irregularly shaped plume that exists in the central portion of the Platty Kill Canal 
(Stockpile) Area immediately east of the Canal. The plume is generally the same shape that was 
shown in the Workplan, except that it now extends farther to the northeast, because of additional 
wells installed in this area for the FORP. The maximum free oil apparent thickness ( 10.09 feet) was 
measured in PKMWI 1 in the south-central (downgradient) portion of the plume (Figure 14-5). 

True Free Oil Thickness 

The true free oil thickness could not be determined in the confined groundwater zone tests using the 
same principles applied to the unconfined groundwater zone. This is because the oil present in the 
confined groundwater zone below the peatkilt layer has a tendency (i.e., preference) to flow into (and 
rise within) the monitoring wells because it is less dense than water and because of the surrounding 
hydrostatic pressure in the formation. Thus, the oil will accumulate within the well over time. This is 
unlike the unconfined groundwater zone where the amount of exaggeration in the well is based on 
grain size and capillary forces acting on the oil, as well as other factors. 

The thickness of oil in the sandy formation below the peatkilt layer is likely to be greater where the 
bottom of the peat/silt layer domes (or is at higher elevation than surrounding areas) because the oil 
would tend to migrate naturally to these areas. 

Also, a free oil recharge test in the confined well PKMW 1 1, which had the greatest apparent 
thickness of oil (1 0.09 feet) for the FORP, indicated that the oil recharge rate was between 0.005 and 
0.02 gpm (Raviv, 1995). 
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14.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plumes 15, 16, 
and 16a are included on Table 14-2. This table includes free oil characterizations from previous studies 
performed at the Platty Kill Canal Area. 

The oil samples from Plume 15 (GMMW 12 and PKCTMW 14) were clearly distinct from one 
another. This argues that Plume 15 has multiple sources of oil and it may be discontinuous (or at 
least heterogeneous). Recovery of free oil in this area will need to consider the heavy character of 
the oil, which would limit the mobility of the oil in the subsurface. 

At Plume 16, the two samples collected from wells PKMWl and PKCTMW15 are chemically 
distinct, which argues for multiple sources of oil and potentially, discontinuous oil within the plume. 
As a note, the sample from PKMWl, a mid-range lube oil, was virtually identical to that observed in 
well PKCTMW 14 in Plume 15. 

At Plume 16a, in the confined groundwater zone, the oil samples from wells PKMWl1 and 
PKCTMW12 were also chemically distinct. 

The free oil collected from wells at Plumes'l5, 16, and 16a had the following specific gravity values, 
respectively: 0.916 - 0.929; 0.917; and 0.883 - 0.91 1 (Table 14-2). 

At PKCMWIT, soil profile results showed that the percent of oil and grease in the vadose zone 
decreases with depth (Table 14-3). At PKCMW2T, the opposite trend is observed; the percentage of 
oil increases with depth to the water table. The laboratory soil profile data is contained in Appendix 
0. 

In addition, at Plume 16a, data collected from Raviv (1995) indicated that "evidence of [oil] was 
noted in soils taken from just below the silt and clay layer" and that the "average thickness of 
confined zone soils in which discontinuous layers of petroleum impacted sand and gravel were 
observed is about 3 feet." This provides additional evidence that the true thickness of oil in the 
confined groundwater zone is significantly less than the thicknesses measured in the confined zone 
wells (up to approximately 10 feet). 

14.6 Potential Sources of Rree Oil 

Historical areas of potential sources of free oil at the Platty Kill Canal (Stockpile) Area include above 
ground storage tanks, oillwater separators, and process units (Geraghty & Miller, 1994). 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the Platty Kill Canal 
Area: 

At Plume 15, there are no documented spills of oil (Geraghty & Miller, 1994) that are likely sources 
of the plume based on proximity to the plume. In the Platty Kill Canal (Stockpile) Area, the only 
process related activity in this area was the Phenol Lube Oil Treating Plant (1934 - 195 1) and tanks 
(1932 - 1963). These process areas were located within the eastern portion of Plume 15. Several 
operations were located within the footprint of Plume 15 where it overlaps the northwestern portion 
of the Lube Oil Area; these included a filter press building (1 921 - 195 l), tanks (192 1 - 1940) and 
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press plate building (1932 - 195 1). In addition, no sewer lines are likely to have contributed oil to the 
plume, based on maps of sewer pipeline breaks and invert elevations. 

At Plume 16, there are no documented spills of oil (Geraghty & Miller, 1994) that are likely sources 
of the plume. Two former oiYwater separators were located in the area where one of the greatest 
apparent thicknesses was measured (near EB19), and based on this geographic association, it is a 
potential source of oil. In addition, a portion of the sewer line Lateral 1K between MHlK-4 and 
MHlK-5 has a break in the bottom of the line that is suspected to be approximately 30 feet long based 
on sewer surveys; this location coincides with the greatest apparent thickness of oil in the eastern 
portion of Plume 16 (near PKCTMWI 5). However, the pipe is partially submerged and while it is a 
possible source of free oil, it appears an unlikely primary source. 

At Plume 16a, the mechanism by which oil migrated beneath the peadsilt layer is not known, so it is 
difficult to speculate as to the potential sources of the oil. However, because Plumes 16 and 16a 
overlap somewhat, the same sources listed above for Plume 16, also apply to Plume 16a. Plume 16a 
extends farther northeast than Plume 16 and, thus, additional sources include three oillwater 
separators and a release of 250 gallons of slop oil from Tank 545 in the Lube Oil Area. Because the 
oil at Plume 16a occurs beneath the peadsilt layer in the Platty Kill Canal Area, it is uncertain how the 
oil was discharged (and migrated) to this location. The peadsilt ("clay") layer covers much of the 
Platty Kill Canal area and some of the western portion of the Lube Oil Area, and it is from 1 foot to 6 
feet thick based on borings completed in the area. 

According to studies performed by Raviv (1 994) at the Platty Kill Canal Area , it was determined that 
there was no migration of oil from the unconfined groundwater zone to the Canal. Some of the 
evidence that Raviv (1994) used to support this was the lack of significant oil the wells next to the 
Canal (with the exception of PKMW3 which had a maximum apparent thickness of 0.24 feet) and the 
physical barrier created by the two vertical bulkheads along the edge of the Canal. Generally, the 
FORP results do not dispute any of these findings, but the FORP results do indicate that the oil has 
become thicker in wells near the Canal since the Raviv (1994) investigation. Specifically, the 
apparent oil thickness in PKMW3 increased from 0.24 feet in 1994 to approximately 2 feet in 1997, 
and PKMW4, which did not contain oil in 1994, had 0.13 feet apparent thickness of oil in 1997. 

Raviv (1994) used observations and measurements of the confined groundwater zone in the area near 
the Canal and north of the bulkhead to determine that it was "unlikely that [oil] seepage from the deep 
confined groundwater zone contributes a volume of oil which could be identified and measured 
relative to the existing volume of oil in the Canal." 

14.7 Free Oil Pump Testing Results 

As part of the FORP, free oil pump tests were performed at wells PKCMW3 and PKMW 1, which are 
located in Plumes 15 and 16, respectively (Table 14-4). Both wells are outside the area of tidal influence 
in the unconfined groundwater zone based on the two rounds of low and high tide water level 
measurements. Also, information on oil recovery pump testing at well PKMW 1 1 in Plume 16a (the 
confined zone) was obtained from Raviv (1995). The detailed FORP results are contained in Appendix 
0. 

At well PKCMW3 (Plume 15), no sustained recovery of oil could be maintained during the 
skimming, total dual fluids and vacuum enhanced pumping tests. During the FORP dual fluids pump 
test, the radius of groundwater influence was between 10 feet and 50 feet, using a groundwater 
pumping rate between I .60 gpm and 2.10 gpm. 
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At well PKMW 1 (Plume 16), no sustained recovery of free oil could be achieved for any of the three 
tests performed (Table 14-4). During the dual fluids test, the radius of groundwater influence was 
greater than 50 feet, using a groundwater pumping rate between 0.68 gprn and 0.90 gpm. 

At well PKMW 1 1 (Plume 16a), Raviv (1 995) conducted a series of short-term pumping tests to 
evaluate the feasibility of free oil recovery from the confined zone. During the free oil skimming 
test the free oil recharge rate into the well ranged from 0.005 gprn to 0.024 gpm. During the dual 
fluids pumping test the oil recovery rate was between 0.008 gprn and 0.05 1 gpm. 

14.8 Description of Existing Free Oil Recovery System 

Currently, there is no free oil recovery system in the Platty Kill Canal Area. 

At Plume 15, Exxon monitors free oil thickness and vacuums out product (and water) from well 
GMMW 12 twice a week. 

At Plume 16, Exxon monitors free oil thickness and vacuums out product (and water) from well EB19 
twice a week. 

At Plume 16a, Exxon monitors free oil thickness and vacuums out product (and water) from wells 
PKMW 1 1, PKMW 12, and PKMW 14 twice a week 

14.9 Conceptual Strategies for Free Oil Recovery Design 

14.9.2 Plume 15: 

At well PKCMW3 (Plume 15), no sustained recovery of oil could be maintained during the 
skimming, total dual fluids and vacuum enhanced pumping tests. During the FORP dual fluids pump 
test, the radius of groundwater influence was between 10 feet and 50 feet, using a groundwater 
pumping rate between 0.68 gprn and 0.90 gpm. 

There is no existing free oil recovery system that could be upgraded and expanded at Plume 15. 

At Plume 15, sustained free oil recovery is not practicable at this time, based on a comparison to the 
0.1 gprn recovery rate criterion. A combination of factors make the recovery of free oil at Plume 15 
difficult. First, no sustained free oil could be recovered during the pumping tests. Second, the GC 
fingerprint results indicated that the heavy character of these oils probably limits their mobility in the 
subsurface (the viscosity of the oils was relatively high). Third, the oil occurs over a relatively large 
area with only one central area ofthicker oil, which has a true thickness of less than 0.5 feet. 
Therefore, a reasonable conceptual long term remedial approach for this plume is remediation through 
in-situ degradation, especially since the oil has a low total VOC component. Conceptual methods to 
be evaluated also include, periodic pumping of oil from the central location of the plume. 

At Plume 15 the following additional information should be considered for the design of a free oil 
recovery system: 1 )  The west-central half of the plume is overlain by 5 to 20 feet of fillldebris 
excavated from the Pier 1 area (new bulkhead installation), which is mostly impenetrable using a 
hollow stem auger drilling rig (during the FORP 6 to 10 attempts were unable to drill through either 
the fill or the underlying concrete floor or foundations, or materials associated with an abandoned 
rail line through the area); 2) West Plant access agreement required, with utilities virtually unknown 
in the area; 3) Oil pipeline along the northern edge of the plume (along railroad); and 4) The area 
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along the west perimeter of the lube plant and adjacent to the Platty Kill Canal was identified as an 
area of high chromium contamination; 

14.9.3 Plume 16: 

No sustained recovery of free oil could be achieved using either the skimming, total dual fluids 
pumping or vacuum enhanced pumping at a well in the southwestern portion of the plume. 

There is no existing free oil recovery system that could be upgraded and expanded at Plume 16. 

At Plume 16, sustained free oil recovery is not practicable at this time, based on a comparison to the 
0.1 gpm recovery rate criterion. A combination of factors make the recovery of free oil in vertical 
pumping wells at Plume 16 difficult. First, no sustained free oil recovery could be achieved during 
the pump testing. Second, the GC fingerprint results indicated that the heavy character of these oils 
probably limits their mobility in the subsurface (the viscosities were relatively high). Therefore, 
intermittent free oil skimming from wells installed in the horseshoe shaped true thickness plume is a 
conceptual method to be evaluated. In addition, a conceptual method to be evaluated includes using a 
small oil recovery trench on the upgradient side of the Canal retaining wall to capture oil that might 
eventually migrate toward the Canal. 

At Plume 16 the following additional information should be considered for the design of a free oil 
recovery system: 1) The area is presently clear of most buildings with the exception of the NE 
portion of plume 16a where a small tank field (this tank field is one of the oldest remaining on site) 
is present over the plume; 2) Within the area, numerous foundations and floors remain from 
demolished/abandoned facilities including a tank field, a MEK plant and a wax plant; 3) Maps show 
when two railroad spur lines ran through the area (now abandoned without any detailed surface 
evidence); 4) Condition and impact of Platty Kill Canal bulkhead walls are unknown; and 5) The 
area along the west perimeter of the lube plant and adjacent to the Platty Kill Canal was identified as 
an area of high density chromium contamination, with medium density sites identified in other parts 
of the area. 

14.9.3 Plume l6a: 

At Plume 1 6a, Raviv (1 995) conducted a series of short-term pumping tests to evaluate the feasibility 
of free oil recovery from the confined zone. During the free oil skimming test the free oil recharge 
rate into the well ranged from 0.005 gprn to 0.024 gpm. During the dual fluids pumping test the oil 
recovery rate was between 0.008 gprn and 0.051 gpm. 

There is no existing free oil recovery system that could be upgraded and expanded at Plume 16a. 

At Plume 1 6a, sustained free oil recovery is not practicable at this time, based on a comparison to the 
0.1 gprn recovery rate criterion. A combination of factors make the recovery of free oil at Plume 16a 
difficult. First, sustained free oil recovery rates were below the 0.1 gprn criteria established in the FORP 
Workplan. Second, although the GC fingerprint results indicated that the heavy character of these oils 
probably limits their mobility in the subsurface (the viscosities were relatively high). Third, the oil 
occurs in the confined groundwater zone. However, at Plume 16a, conceptual oil recovery methods to be 
evaluated include intermittent oil skimming from large diameter wells. Because the oil skimming 
recovery rates were below the 0.1 gprn benchmark, intermittent recovery is the most appropriate method. 
Recovery of free oil from Plume 16a in the confined zone has an added advantage over recovery in the 
unconfined zone in that the wells, which are screened in the confined zone, act as natural collection 
areas for the oil (i.e., the oil preferentially collects in these wells). 
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Table 14-1 

Baildown Testing Results for Plumes 1 5 and 1 6 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

11.97 Average Exaggeration Ratio 

Test Date 

4 Applied Exaggeration Ratio I 

Well ID 

I 3.5 Applied Exaggeration Ratio I 

Plume 15 

Plume 16 

Data 
Source: P- 
Parsons R- 

Raviv 

7/23/97 

811 3/97 

7/24/97 

9/13/94 

Apparent 
Oil 

Thickness 
in Well 
(feet) 

PKCTMW 1 

PKCTMW 14 

3.49 

PKMW 1 

EB19 

True Oil 
Thickness in 
Formation 

(feet) 

P 

P 

P 

R 

Exaggeration 
Ratio 

0.71 

1.77 

0.91 

1.93 

Comments 

0.06 

0.15 

0.30 

0.49 

12.14 

1 1.80 

3.03 

3.94 



Table 14-2 

Free Oil Analysis Information for Plumes 15, 16, and 16a 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 
NA=Not Available 

Well I.D. 

PKCTMWI4 
(Plume IS) 

E!ey: 
PKMW8 

(Plume 15) 

SSBl 
(Plume 15 ) 

PKMW l 
(Plume 16) 

PKCTMW15 
(Plume 16) 

EB19 
(Plume 16) 

PKMWl I 
(Plume l6a) 

PKCTMW12 
(Plume 16a) 

PKMWI2 
(Plume 16a) 

PKMWI4 
(Plume 16a) 

GC Fingerprint Summary 
Description 

Mid-range lube oil 

Severly weathered crude oil; small 
amount of an unspecified gasoline- 

range product 

N A  

N A 

Mid-range lube oil 

Lube oil (e.g., crankcase oil) 

NA 

Moderately weathered crude oil: 
minor gasoline range product 

Moderately weathered crude oil or 
heavy fuel oil (#6 fuel oil) 

N A 

N A 

GRO ("A) 

0 

3 

N A 

N A 

2 

I 

N A 

6 

I 

N A  

N A  

DRO ("A) 

64 

54 

NA 

NA 

67 

39 

NA 

73 

58 

NA 

NA 

RRO ('A) 

36 

44 

NA 

NA 

3 1 

60 

NA 

20 

40 

NA 

NA 

Total VOC's 

(ug/Kg) 

36.600 

NA 

N A 

NA 

1,232,040 

NA 

N A 

5,74 1,000 

3.1 13.100 

N A 

N A 

Total BTEX 

(ug/Kg) 

6.800 

N A 

NA 

N A  

8,040 

N A 

N A 

0 

189,100 

NA 

N A 

Viscosity (cS) 

26.1 

603.0 

112.3 

N A  

16.7 

60.0 

77.5 

9.3 

19.5 

7.1 

36.3 

Specific 
Gravily 

NA 

NA 

0.929 

0.916 

N A  

N A  

0.917 

0.883 

N A 

0.860 

0.91 1 



Table 14-3 

Soil Profile Data for Plumes 15, 16, and 16a 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

( I )  NA =Not  Available 

(2) The depth to water in PKCTMWIT (Plume 15) was approximately 6 feet below the ground surface. 

(3) The depth to water in PKCTMWZT (Plume 16) was behveen approximately 5.2 feet to 6.0 feet below the ground surface 

(4) Confined groundwater zone; the data were obtained from Raviv (1 995). 

PKMW13 

PKMW14 
PKMW 14 

PKMWl5 

23.5 - 24.0 

16.5 - 17.0 
18.5 - 19.0 

17.5 - 18.0 

0.0 

9.6 
1.2 

0.8 

86.10 

70.60 
90.10 

84.70 

0.25 

0.27 
0.18 

0.29 



Table 14-4 

Pump Test Results for Plumes 15, 16 and 16a 

Free Oil  Recovery Project 

Exxon Company, USA 
Bayonne. New Jersey 

Well ID 

PKMWI 
(Plume 16) 

PKCMW3 
(Plume 15) 

PKMWII 
(Plume 16A 

NAPL Skimmer Tests 
Date 

Total (dual) Fluids Pumping Tests 

8/12/97 P 80 0.000 

9/11/97 P 90 0 000 

11/1/94 DRi 142 0.024 
11/2/94 DRi 143 0.005 

S 
o 
u 
r 
c 
e 

Date 

. 

Vacuum Enhanced Total (dual) Fluids Pumping Tesb 
Date Duration 

(min.) 

8/12/97 P 35 0000 > I0  4 0  0.68 1.7 0.405 
8/12/97 P 55 0,000 >I0  <50 0.90 3.2 0.279 

9/12/97 P 90 0 000 >50 2.10 1.2 1.765 
9/11/97 P 40 0.000 >50 1.60 1.1 1481 

1111194 DRI 30 0019 NA 0.93 NA NA 
11/3/94 DRI 205 0.030 NA NA NA N A 

11/4/94 (HT) DRI 220 0008 NA NA NA N A 
11/4/94 (LT) DRI 180 0.051 NA 1.90 NA N A 

S 
o 
u 
r 
c 
e 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

8/12/97 P 103 0.000 .50 1.8 2.2 48 
8/13/97 P 90 0.000 .50 2.6 3.0 48 

9/12/97 P 80 0,000 >50 1.5 0.3 47 

No Test 

S 
o 
u 
r 
c 
e 

Duration 
(min.) 

Duration 
(min.) 

Stabilized 
Rate of Oil 
Recovery 

(gpm) 

Stabilized 
Rate of Oll 
Recovery 

(gpm) 

Radius of Influence - 
gw (feet) 

Gmund 
Water 

Pumping 
Rate 
(gpm) 

Q .  

Radius of lqfluence - 
vac (feet) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

Gmund 
Water 

Pumping 
Rate 

(gpm) 

Sustained 
Ground 
Water 

Drawdown 
(feet) 

s 

Applied 
Vacuum 

(in of H,O) 

Specific 
Capacity 
(gpmlfl of 

drawdown) 

C l l S  
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15.0 Plume 17 and Outlier Plume (Helipad and Pier 1 Areas) 

15.1 Introduction 

Plume 17 and the Outlier Plume exists at the Helipad and Pier 1 Areas (Figure 15-1 and Figure 15-2; 
Figure 14-3 and Figure 14-4). 

Currently, the Helipad and Pier 1 Areas consist of an active pier that is used for the loading and 
unloading of the contents of marine vessels at the Plant. Oil transfer pipelines in elevated racks 
connect Pier 1 to the Lube Oil Area (Geraghty & Miller, 1995). Historical (in 1940) operations in this 
area included a Compounding Plant, a shipping warehouse, and a barrel handling area. The Helipad 
was built around 1970. 

15.2 Field Work 

15.2.1 Free Oil Delineation Tasks 

Eight temporary wells were installed at the Helipad Area (HPITMW 1 through HPl TMWS), as 
specified in the Workplan. NJDEP permits for the installation of these wells are included in 
Appendix P. 

Installed one permanent well at Plume 17 (HPlMWl), as specified in the Work Plan. 

As required by the Workplan, performed 2 soil borings and collected samples from each. Collected 
2 soil samples from HPl SB1 (two less than specified in the Workplan due to the short length of the 
vadose zone). Collected 2 soil samples from HPl MW lT  (two less than specified in the Workplan 
due to the short length of the vadose zone). Submitted these samples for analysis of FORP Workplan 
design parameters (% residual oil, % water, porosity, and bulk density). Also, at each ofthese two 
borings, and another boring HPlTOW2, one soil sample was collected within the oil zone at the 
water table for grain size analysis (total of 3 samples - 1 more than specified in the Workplan). 
[samples were originally proposed in boring HP1 SB2 near EB10, but poor Shelby tube sample 
recoveries were obtained for the entire length of the boring, and no samples were collected. 

Measured the apparent thickness of oil in all existing and proposed wells in the Helipad Area in 
accordance with the Workplan. In total, 13 measuring events were taken. 

Performed free oil characterization on 2 samples, as specified in the Workplan. The following 
analyses were performed: 1) GC fingerprinting: EB 10 and EB 12; 2) VOA: EB 10 and EB 12; 3) 
Viscosity: EB 10 and EB 12. 

15.2.2 FORP Design Support Tasks 

As specified in the Workplan, performed 4 baildown tests in the Helipad Area (EB 10, EB 12, EB 16, 
and EBR6). 

Performed free oil recovery rate testing at 2 wells (EBIO and EB12), as specified in the Workplan. 

Prior to the test at EB10, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (HPl TOW1 through 3), as required by the Workplan. Performed free oil skimmer testing, total 
dual fluids pumping, and vacuum enhanced testing at well EB10. 

SPLM-17.DOC Page 15-1 
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Prior to the test at EB12, installed three observation wells at 5, 10, and 50 foot intervals from the 
well (HPlTOW4 through 6), as required by the Workplan. Performed free oil skimmer testing, total 
dual fluids pumping and vacuum enhanced pumping tests at well EB12. 

15.3 Description of Hydrogeology 

The hydrogeology of the Helipad and Pier 1 Areas is summarized in the following bulleted items: 

The subsurface materials generally consist of fill to depths of between 12 and 18 feet below the 
ground surface. At the Helipad and Pier 1 Areas, the fill was composed of mostly fine sand with 
medium to coarse sand components, and slag, wood, concrete and brick fragments. In most locations 
within the Helipad area, the sandy fill contained a siltlclay zone that was encountered between 4 feet 
and 6 feet below the ground surface, and was from 1 feet to 2 feet thick (HPTOW1, HPlTMW 1,2,3,  
and 4 and PNlSB2); it is noticeably absent in the northern portion of the area. Below this sandy fill 
with a silt layer (noted above), was another gray silt layer that contained some wood fragments 
(HPlMWl) at 10 to 12 feet, and which extended to at least 17 feet. According to Raviv (1995), the 
gray silt is underlain by a brown clay glacial till with gravel, silt, and sand. 

In the vicinity of where the thickest apparent free oil was measured at Plume 17, the subsurface 
material near the water table consisted of very fine to fine sand with someltrace silt (HPlMW 1, 
HPlTMW7), although in some locations a 1 to 2 foot silt zone was encountered near the water table 
(HPlTOWl). 

Grain size analysis of a soil sample collected near the water table (from 6.0 feet to 7.6 feet) in a 
boring performed adjacent to EB12 indicated that the subsurface material contained approximately 
10% silt and clay, 14% fine sand, and the remaining 76% was composed of coarser sand and gravel 
particles. Grain size analyses from two other borings within the central and southern portions of 
plume (HPIMWIT and HPlTOW2, respectively) contained approximately equal amounts of silt (27- 
28%) and fine sand (22-23%), and the remaining approximately 50% was composed of coarser sand 
and gravel particles. The results of the latter two analyses are generally consistent with the soil 
description from Plume 17 given above. 

An unconfined groundwater zone is present in the fill on-site, and groundwater in the Helipad and 
Pier 1 Areas is generally between 5 feet and 10 feet below the ground surface. 

The groundwater flow direction in the Pier 1 Area is predominantly to the south (Figure 3-1). 
However, there is a groundwater mound that exists in the west-central portion of the Helipad that 
directs groundwater flow mostly to the southeast, but there is also some flow to the southwest. 
Raviv (1995) indicates that groundwater flow is preferentially toward the southeast because of the 
deteriorated condition of the sheet pile bulkhead on the east side of the Helipad (which would be more 
permeable), whereas the southern and western sides are composed of concrete (and would be less 
permeable). The hydraulic gradient is 0.01 in the east-central portion of the Helipad Area. 

The unconfined groundwater zone is influenced by tidal fluctuations based on an analysis of depths to 
water taken in monitoring wells at low and high tides. The tidal influence affected three wells on the 
Helipad, all of which were in the southeastern portion. The influence extends approximately 100 feet 
inland. 
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15.4 Free Oil Delineation Results 

15.4.1 Apparent Free Oil Thickness 

Plume 17 and the Outlier Plume are defined to 0.1-foot apparent thickness contour on the Exxon 
facility, as required by the FORP Workplan (Figure 15-1 and Figure 14-3). A total of 30 wells were 
used for the delineation of these plumes. The horizontal extent of the Plume 17 and the Outlier Plume 
has been confirmed, and no further delineation is required. 

Plume 17 is an irregularly shaped plume that trends in a roughly northeast-southwest direction 
(although it has a northern extension) in the Helipad Area. The northeast-southwest elongation of the 
plume is consistent with the expected directions of groundwater flow, considering that a groundwater 
divide exists in this area of the site. The maximum apparent free oil thickness was 3.50 feet at well 
EBR8 (Figure 15-1). 

The Outlier Plume is oval-shaped. The maximum apparent free oil thickness was 1.1 1 feet (Figure 
14-3). 

15.4.2 True Free Oil Thickness 

The true free oil thickness at Plume 17 is comprised of two areas of free oil that are greater than 0.1 
feet (Figure 15-2 ). The maximum true free oil thickness was 0.58 feet at EBR8. 

The true free oil thickness at the Outlier Plume is comprised on one small area around EB 16 (Figure 
14-4). The maximum true free oil thickness was 0.19 feet at EB 16. 

An exaggeration ratio of 6 was used for Plume 17 and the Outlier Plume. 

Derivation of Exaggeration Ratio: The exaggeration ratio at Plume 17 and the Outlier Plume was derived using 

results from subsurface soil descriptions and analyses, ratios of apparent to true free oil thickness published by EPA (1996), 

and 4 baildown tests completed at the Helipad Area (Table 15-1). The subsurface material near the water table consisted of 
very fine to fine sand with someltrace silt, and in most areas there is a silt layer (1-2 feet thick) near the water table. These 

descriptions correspond to a soil type of between sandy loam and loam, using the soil types given on the exaggeration ratio 

chart cited in EPA (1996); the silt layer would correspond to a silt loam. According to EPA (1996), the ratio of apparent to 

true free oil thickness for a soil between these two types has a range of between approximately 2 and 6; an 8 would be 

appropriate for the silt layer. Furthermore, the exaggeration ratios from three baildown tests ranged from 7.10 to 9.52; the 

average exaggeration ratio was calculated to be 8.91. Therefore, given the available data, an exaggeration ratio of 6 was used 

for Plume 17 and the Outlier Plume. This is slightly lower than the average ratio because the 1-2 foot silt layer is not 

prevalent at all locations of the site and therefore, may not have the same (i.e., increased) effect on oil exaggeration over the 

entire site. The apparent free oil thickness and true free oil thickness data and graphs for the baildown tests at this plume are 
contained in Appendix P. 

15.5 Free Oil Analytical Results 

GC fingerprint, VOA, viscosity, and specific gravity free oil characterization results for Plume 17 are 
included on Table 15-2. 

The two samples from the Plume 17 Area (EB10 and EB12) appeared to contain mixtures of lube oil 
with a "background"' weathered crude oil (Table 15-2). 
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The fact that the two oils from EBlO (in the main body of the plume) and EB 12 (in the northern 
portion of the plume) are similar provides support for joining the main body of the plume to the 
northern extension (i.e., Plume 17 is one continuous plume). 

The specific gravity of the free oil collected from nine wells (7 from a previous study and 2 from the 
FORP investigation) ranged between 0.885 and 0.995. 

Analysis of soil profile samples collected from a soil boring HE'lSBl, (approximately 5 feet from 
well EB12), showed that the percent of oil and grease decreased with depth (Table 15-3). This 
profile suggests that free oil may have been released at this location. At HE'lMWlT, which is south 
of this location, the profile showed no trend. The laboratory data for percent oil is contained in 
Appendix P. 

15.6 Potential Sources of Free Oil 

Historical areas of potential sources of free oil at the Helipad and Pier 1 Areas include above ground 
storage tanks, drum storage areas, loading and unloading areas, process areas and storm sewers 
(Geraghty & Miller, 1994). 

The following bullets outline evidence for correlations, where they exist, between the current distribution 
of the apparent free oil plumes on-site and the potential source areas identified at the Helipad and Pier 1 
Areas: 

There are no documented releases of oil in the Helipad Area according to Geraghty & Miller (1994). 

There were several operational features that occurred within the footprint of the Plume 17. These 
included a shipping warehouse, which covered the entire area of the plume, and tar seeps, which 
occurred in the east-central portion of the plume, south of well EB 1 1. Based on their physical 
association, these operational features are potential sources of oil found at Plume 17. 

While it is likely that there were other sources of oil at Plume 17, a portion of lateral sewer line 1N 
may have contributed oil to the northern area of the plume. The portion of this line between MHIN-4 
and MHIN-5 (in the northern portion of the plume) was badly deteriorated according to an IT 
Corporation (1 997) survey. This line was formerly used to convey pumpage of total fluids (oil and 
water) from recovery wells in the general area to the West Side Separator for treatment. Because a 
portion of this line may have been at or just below the water table, there is a potential that oil was 
exfiltrated from this line and contributed oil to the plume in this area. Of course, this sewer line 
source implies that there was an additional source that released the main body of the oil. Considering 
the long operational history at this area, this is not unexpected. 

There were several operational features that occurred within the footprint of the Outlier Plume. These 
include two former oillwater separators and bulk storage tanks (1932 through 1968). 
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15.7 Free Oil Pump Testing Results 

As part of the FORP, fiee oil pump tests were performed at well EB10 in the main body of Plume 17, 
and in EB12, which is in the northern extension of the plume (Table 15-4). Both of these wells were 
outside the area of tidal influence based on the two rounds of low and high tide water level 
measurements. Also, information on free oil recovery rates was obtained from a number of tests 
previously performed by Raviv (1995). The results of the FORP and Raviv (1995) tests presented below 
all indicate that free oil recovery rates are less than 0.1 gpm. The detailed FORP results are contained in 
Appendix P. 

At wells EB10 and EB12, no sustainable oil recovery was obtained during the skimmer, total (dual) 
fluids, or vacuum enhanced testing (Table 15-4); Raviv (1995) had previously reported recovery 
rates of less than 0.001 gprn for these same wells during skimmer tests. The lack of oil recovery 
fiom these wells may be due to the viscosity of the oils (Table 15-4). During the FORP dual fluids 
pump tests at these wells, the radius of groundwater influence was between 10 feet and 50 feet, using 
groundwater pumping rates of between approximately 1 and 2 gpm. 

At well EBR5 in the eastern part of the plume, Raviv (1995) reported a free oil recovery rate of up to 
0.01 1 gpm during a dual fluids pumping test (pumping fiee oil and water) with a groundwater 
pumping rate of 4.3 gpm (Table 15-4). Using this same method, Raviv (1995) reported a similar 
fiee oil pumping rate at well EBR8 in the west-central portion of the plume; the groundwater 
pumping rate for this test was 2.0 gprn (Table 15-4). 

According to Raviv (1995), during skimmer tests at wells EB2, EB3, EB4, EB5, EB9, EBR6, and 
EBR3, little to no free oil was recovered. 

15.8 Description of Existing Free Oil Recovery System 

There is an existing, but currently, non-functioning free oil recovery system in the Helipad area. The 
system consists of seven recovery wells (EBRI, EBR2, EBR3, EBR4, EBR5, EBR6 and EBR7) and a 
network of discharge pipes and sumps. These discharge lines tie into sewer line Lateral 1N in the 
northern portion of the Helipad Area. Recovery wells EBR2 through EBR4 are linked by discharge 
lines in the eastern portion of the plume; well EBR5 does not have any electric line, discharge pipe or 
pump (Raviv 1995). Wells EBRI, EBR6 and EBR8 are linked by discharge lines in the western 
portion of the plume. In 1990, the discharge lines were modified and connected by a 2-inch PVC 
pipe to the sewer lines that discharge to the West Side Treatment Plant (Raviv, 1995). 

Based on recent inspection, the wells and screens that are constructed of steel are all rusted, while 
those constructed of PVC appear to be in good condition. Also, it is possible that there are 
submersible pumps in four of the wells. Based on the poor condition of the piping and or electrical 
conduits that extended below the groundwater in these four wells, it is unlikely that any of the 
submersible pumps would be functional. 

No oil recovery system exists at the Outlier Plume. 
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15.9 Conceptual Strategies for Free Oil Recovery Design 

15.9.1 Plume 17 

At Plume 17, sustained recovery of oil is not practicable at this time, based on the 0.1 gpm oil 
recovery criterion. The pumping test results performed during the FORP and by Raviv (1995) 
indicate that little to no sustained oil recovery could be achieved in most of the wells tested. At wells 
EBRS and EBR8, Raviv (1995) reported oil recoveries of 0.01 1 gprn and 0.016 gpm using total dual 
fluids pumping. These rates are well below the 0.1 gprn recovery rate that was defined as reasonable 
for the FORP. 

There is an existing, but currently, non-functioning free oil recovery system in the Helipad area. The 
system consists of seven recovery wells and a network of discharge pipes and pumps. There is the 
potential to upgrade this system, and use sustained total dual fluids pumping to recover the oil, 
however, the pump testing results indicate that this method would not be effective in all locations of 
the plume. 

Another conceptual method for oil recovery to be evaluated includes an arc-shaped collection 
trenchldrain on the downgradient side of Plume 17; the trench would collect free oil more efficiently 
than individual recovery wells. The need for multi-level collection pipes needs to be considered 
because tidal fluctuations in the Kill Van Kull Waterway affect groundwater levels. This collection 
trench could be tied into the West Side Treatment plant. 

At Plume 17 the following additional information should be considered for the design of a free oil 
recovery system: 1) The bulkheads that exist to the south and east are undermined and deteriorated; 
2) An old railroad exists on the west side; 3) There is an extensive surface cover of foundations and 
floors from previous buildings in the area; the floors of these buildings are often undermined; 4) 
Numerous dirt piles of waste exist from previous remediation activities; and 5) Construction and 
demolition debris was found between foundations, with debris highly variable in amount and 
character over short distances. 

15.9.2 Outlier Plume 

Recovery of oil at the Outlier Plume is not practicable because of the true thickness of the oil is only 
slightly greater than 0.1 feet in only one well (EB16). However, a conceptual method for free oil 
recovery includes natural or in-situ bioremediation with monitoring. 



Table 15- 1 

Baildown Testing Results for Plume 17 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

8.91 Average Exaggeration Ratio 

Test Date 

7/22/97 
7/25/97 
7/25/97 
8/5/97 

I 6 Applied Exaggeration Ratio I 

Well ID 

EBlO 
EB12 
EB16 
EBR6 

Apparent 
Oil 

Thickness 
for Design 

(feet) 

0.71 
1.76 
1 . 1  1 
1.27 

Data 
Source: 

P-Parsons 
R-Raviv 

P 
P 
P 
P 

True Oil 
Thickness in 
Formation 

(feet) 

0.10 
0.18 
0.12 
0.13' 

Exaggeration 
Ratio 

7.10 
9.52 
9.52 
9.52 

Comments 

tidal 



Table 15-2 

Free Oil Analysis Information for Plume 17 

Free Oil Recovery Project 

Exxon Company, USA 

Bayonne, New Jersey 

Notes: 
NA=Not Available 

Well 1.D. 

EBlO 

EB12 

EB2 

EB3 

GC Fingerprint Summary 
Description 

M~xture of severely 
weathered crude oil adm~xed 

w~th  a lube 011 

M~xture of severely 
weathered crude 011 adm~xed 

w~th  a lube 011 

N A 

N A 

EB13 N A N A 

GRO 
(Oh) 

2 

1 

NA 

NA 

EB16 

EBR4 

EBR5 

EBR8 

DRO 
(%) 

46 

31 

NA 

NA 

N A 

N A 

N A 

N A 

RRO 
(Oh) 

52 

68 

NA 

NA 

NA 

NA 

NA 

NA 

Total VOC's 
(ugKg) 

1,270,000 

359,470 

N A 

N A 

NA 

NA 

NA 

NA 

Total BTEX 
(ugMg) 

0 

5,770 

N A 

N A 

NA 

NA 

NA 

NA 

Viscosity 
(cS) 

397 7 

53 3 

N A 

N A 

N A 

N A 

32 3 

N A 

0 894 

0 901 

N A 

N A 

N A 

N A 

N A 

11 5 

N A 

42 1 

0 885 

0 876 

0 885 

0 891 



Table 15-3 

Soil Profile Data from Plume 17 

Free Oil Recovery Project 
Exxon Company, USA 
Bayonne, New Jersey 

Notes: 

( I )  NA =Not  Available 

(2) The depth to water in HPlSBl was between approximately 4.9 and 6 feet below the ground surface. 

(3) The depth to water in HPIMWIT was approximately 8 feet below the ground surface. , 

(4) The depth to water in HPITOW2 was approximately 11 feet below the ground surface. 

Sample No. 

HPISBI-2 

HPlSB1-4 

Depth (feet) 

2 - 2.7 

4 - 4.9 

HPIMWIT-5 

HPlMWlT-7 

Oil & Grease ( O h )  

15.20 

7.57 

HP 1 TOW2-5 I 5 - 5.7 I 2.10 I 30.10 I 0.62 

Moisture (9'0) 

NA 

17.95 

5 - 6.3 

7 - 8.4 

Porosity 

NA 

0.43 

9.79 

9.45 

27.73 

23.17 

0.42 

0.6 



Table 15-4 , 

Pump Testing Results for Plume 17 

Free Oil Recovery Project 

Exxon Company, USA 
Bayome. New Jersey 

Notes: 
NA=Nol Available 

Well ID 

EBlO 
EBlO 
EBlO 

EB12 
EB12 
EB12 

EBR5 

EBR8 

EB2 

EB3 

EB4 

EB5 

EB9 

EBR6 

NAPL Skimmer Tests 
Dale 

Total (dual) Fluids Pumplng Tests 

8/18/97 P 80 0000 
1/12/95 DRI 199 roo01 
7/27/95 DRI 5908 cO 001 

8/13/97 P 50 0 000 
1/19/95 DRI 1337 c0 001 
7/27/95 DRI 6030 cO 001 

1/9/95 DRI 2683 0007 
7/27/95 DRI 5889 0002 
7R8/95 DRI 5390 0008 

1/23/95 DRI 2684 0 000 

7R7/85 DRI 6038 0000 

7R7/95 DRI 6031 0000 

7/27/95 DRI 8025 0000 

7/27/95 DRI 8016 cO 001 

7/27/95 DRI 8006 cO 001 

7/27/95 DRI 6009 cO 001 

7R6195 DRI 2661 <O 001 

S 
o 
u 
r 
c 
e 

Date 
Vacuum Enhanced Total (dual Fluids Pum In Tesb 

Date S Duration Stabilized Radlus of l!fluence - LoJnd  Susfalned Applied 
o 
u 
r 
c 
e 

Duration 
(rnln ) 

8/19/97 P 45 0000 > I0  <50 090  1 3  0672 
8/19/97 P 65 0000 > I0  <50 2 50 3 4  0729 

8/14/97 P 54 0 000 > I0  6 0  190 2 0 0 941 
8/14/97 P 60 0 000 >10 c50 3 1 3 3 0939 

8/2/95 DRI 1830 0 011 NA NA 4 3 NA NA 

1/23/95 DRI 339 NA NA NA 2 0  NA NA 

NOTesl 

NoTest 

NoTesl 

NoTest 

NoTest 

NoTest 

No Test 

S 
o 
u 
r 
c 
e 

Stab~lized 
Rate of 011 
Rewvery 

( 9 ~ 4  

8/19/97 P 240 0000 <5 4 9  0 4  50 

8/14/97 P 81 0000 r10  <50 7 6  0 0 50 

NoTesl 

NoTest 

NO Test 

NO Test 

NO Test 

No Test 

NO Test 

NO Test 

NO Test 

(rnln ) 

Duratlon 
(mln ) Rale of Oil 

Recovery 
(9prn) 

Stablllred 
Rate Of 011 
Recovery 

(9prn) 

vac (reef) 

Rad~us of Influence - 
gw (feel) Water 

Purnplng 
Rate 
(gpm) 

Ground 
Wafer 

Purnplng 
Rate 
(gprn) 

Q 

Ground 
Wafer 

Drawdow 
n (feet) 

Susta~ned 
Ground 
Wafer 

Diawdown 
(feet) 

s 

Vacuum 
(In of H,O) 

Specific 
Capac~ty 
(gpm/n of 

drawdown) 

Q/s 
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16.0 Waste Water Treatment Plants 

There are currently two wastewater treatment plants located on the Bayonne facility, the East Side 
Treatment Plant and the West Side Treatment Plant. Both systems are currently in operation and appear 
to be working efficiently. The information about these plants will be used to determine if discharge 
(oiVwater) from any new free oil recovery systems installed at the site can be treated by these plants. 

16.1 East Side Treatment Plant 

The East Side Treament Plant includes an oiVwater separator, as well as sand and carbon filters. The 
overall system capacity is 2,000 gpm. There is an overflow system in use (predominantly for excess 
flow due to heavy storms), which pumps the water to Tank 8553 in the General Tank Field using two 
10,000 gpm pumps. This excess flow is subsequently treated prior to being discharged. 

The influent enters the system and passes through a grit screen and over an oil drum separator. The oil is 
skimmed off the drum and sent to the oil collection tank. The wastewater then proceeds through a large 
separator. The separator previously had mechanically operating flights, however, due to chronic 
maintenance problems, the flights were recently removed. Now a fire hose is periodically used to spray 
water onto the top of the separator tank to force the oil to travel downstream toward the oil skimmers. 
The oil is skimmed off the water and sent to the oil collection tank. 

After passing through the separator, the water then passes over a weir to the lift station, where two 
pumps are used to send the water through four parallel sand filters, into a holding tank, and then through 
three parallel sets of two carbon units in series. The effluent then passes through a sink to allow weekly 
sample collection before being discharged directly into New York Bay. An automatic sampler is 
installed at the sink to allow collection of composite samples, if needed. The effluent from the East Side 
Treatment Plant is sampled according to NPDES permit requirements to ensure compliance with the 
New Jersey Department of Environmental Protection's requirements. The carbon units are backwashed 
based on the pressure differential through the beds. On average, the lead units are backwashed three 
times a week, and the polish units one time per week. Carbon changeouts are conducted approximately 
every six month by Calgon. 

The oil from the collection tank is sent to the first of two oil storage tanks. The oil is allowed to settle in 
this tank (Tank 8198). The top fluid layer (oil) is transferred to the second waste oil tank (Tank 8199), 
the contents of which are periodically sold commercially. The bottom fluid layer (wastewater) is drained 
to the oiltwater separator for treatment. 

16.2 West Side Treatment Plant 

The West Side Treatment Plant consists mainly of an oiVwater separator and a dissolved air flotation 
unit. The influent to the treatment plant passes through a grit screen , up a vertical screw lift, and then 
proceeds to an American Petroleum Institute (API) separator with mechanical flights. The next process 
unit is a mixing tank, where coagulant is added to the wastewater. The wastewater then passes through a 
flocculation tank, followed by a dissolved air flotation OAF)  separator. The effluent from the DAF 
separator is then sent to the East Side Treatment Plant. 

Oil is skimmed from the water surface at the API and DAF separators, as well as the flocculation tank. 
All three skimmers are piped to an oil storage tank. The oil is allowed to settle in the tank. The top fluid 
layer (oil) is transferred to a waste oil tank, the contents of which are periodically sold commercially. 
The bottom fluid layer (wastewater) is drained to the oiltwater separator for treatment. 
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1.0 INTRODUCTION 

This Remedial Investigation Addendum Report (RIAR) presents the results of the 
investigative activities conducted in January 200 1 in accordance with the Remedial hvestigation 
Work plan Addendum (RIWA) dated August 2000. This work is intended to provide necessary 
data to progress the engineering plan for the closure of the Platty Kill Canal (PKC). A Remedial 
Action Work plan (RAWP) will subsequently be prepared with the intent of gaining closure 
approval and a "no further action" determination from the New Jersey Department of 
Environmental Protection (Department) for the-PKC located on the border between Bayonne 
Industries, Inc. (BI) and ExxonMobil (EM) sites in Bayonne, New Jersey. 

A Remedial Action Selection Report (RASR) on this project had been submitted to the 
Department in February 2000. The RASR outlined the rationale for the selected remedy and 
provided recommendations for filling data gaps necessary to develop a RAWP. 

The anticipated final design will include containment of the sludge within the canal with 
selected sediment volumes being either treated in place or removed and treated for placement 
within the Platty Kill Pond (PKP). The PKC will be backfilled with dredge material and capped 
with low permeability material. An impermeable sheet pile barrier inside the perimeter of the 
canal will eliminate migration of any residual contamination from or into the canal site. Post 
construction monitoring programs will be established as part of the final plan. 

1.1 Objectives 

The objectives of the work, detailed in the Remedial Investigation Work plan Addendum 
(RIWA) are as follows: 

1. Collect subsurface stratigraphic and permeability data necessary to confim the 
feasibility and implementability of the selected remedial action. 

2. Identify potential obstructions to sheet pile placement along the length of the canal 
that would preclude the installation of the vertical barrier. 

3. Obtain an enhanced geologic characterization of the subsurface around and below 
the PKC sediments to confirm the presence of a continuous clay-till layer with 
sufficient thickness and impermeability to isolate any deposits retained in the 
canal. 

4. Provide a response to the conditions in the Department's July 13,2000, RASR 
approval letter to BI and EM. 

IMT02PKC Page 1 
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1 1.2 Scope of Work 

t 
1 This report focuses primarily on the results of investigative activities conducted in March 

2000 and January 2001 but also builds upon results obtained fiom earlier investigations (PKC 
Phase I1 S i  1998, and PKC RASR, 2000) that were conducted pursuant to the objectives outlined 

I above. The more recent investigative activities provide the additional data necessary to proceed 
with a containment design acceptable to the Department for RASR confirmation and 

1 characterization purposes. This investigation was limited to: 

1. Continuation of the Vibrocore boring and media sampling program within the PKC to 
determine the horizontal extent of clay and till layers which are found to start 
approximately 27 feet below ground surface. This work ultimately included the 
installation of 76 Vibrocore borings in the PKC. 

2. Vibrocore sampling of the lower clay-till in the PKC and analysis for permeability at 
selected locations. ' 

3. Combined Hollow Stem Auger - Mud Rotary drilling with sealed casings to advance 
land borings outside and adjacent to the PKC. This work included 1 1 locations. In 
each boring, split spoon samples were collected at continuous 2-foot intervals or 
Shelby tube samples were collected from the clay. 

4. Physical sampling was also conducted of the lower clay layer outside of the PKC for 
laboratory permeability analysis. 

Additional "at risk" tasks were developed and perfonned based on field conditions as the 
program progressed. These tasks included: 

1. Determination of till soil density till and analysis of select reconstituted samples for 
permeability. 

2. Field falling head permeability tests were conducted at selected boring locations. 

1 IMT02PKC Page 2 
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2.0 BACKGROUND 

2.1 Previous Investigations 

In the summer of 1993, the U.S. Coast Guard directed that fiee-phase product seepage 
control measures be implemented at the mouth of the Platty Kill Canal (at the Kill Van Kull) 
when sheens were observed in the Kill. Bayonne Industries, unsure of the specific 
circumstances, undertook some interim remedial actions (IRA) as outlined in an April 1994 IRA 
Work Plan approved by the NJDEP. The interim actions included the reconstruction of a portion 
of the bulkhead, a Phase I investigation to characterize sediments in the Platty Kill Canal, the 
illstallation of a subsurface free-product retainage curtain along the Kill Van Kull, and the 
installation of an Air-GuardTM containment system to prevent migration of free-product sheen 
into the Kill Van Kull main stream from BI waters. 

In the fall of 1994, ENSR Consulting and Engineering (ENSR) conducted a sediment 
investigation of the canal as part of the Platty Kill Creek Interim Remedial Action. That 
investigation included the collection and analysis of sediment samples from 16 locations. The 
locations included eight outside of the sheet pile'dam toward the Kill Van Kull; four inside of the 
sheet pile dam between the dam and the pipe bridge; and four locations north of the pipe bridge 
toward the Platty Kill Pond. Those results were reported to the Department in November 1995, 
in the report entitled Platty Kill Pond Interim Remedial Action Report Vols. 1 and 2. 

In 1996, BI submitted a Phase 2 Sediment Investigation Work plan for the canal to the 
Department, Bureau of State Case Management (BSCM) for review and approval. The plan was 
developed based on discussions between the Department and Dr. Robert Weaver, Corporate 
Technical Director, BI, and was responsive to NJDEP's March 27, 1996, comments to the 
aforementioned Platty Kill Creek Interim Remedial Action Report, dated November 1995. 
Fieldwork included the collection and analysis of twenty-nine sediment core samples from eleven 
locations within the canal. These include seven locations in the canal between the sheet pile dam 
and the bridge at the northern section of the canal; and, four locations north of the bridge toward 
the Platty Kill Pond. 

In March 1998 BI submitted a PKC Phase I1 Sediment Investigation Report to the 
NJDEP. The report provided a delineation of the impacted sediments in the canal inside of the 
sheet pile dam. The Department in a letter dated June 16, 1998 approved the report. In 
December of 1999, the Department requested that a joint RASR be developed by BI and 
ExxonMobil to develop the PKC impacts. The RASR was completed and submitted to the 
Department on February 18,2000. The Department conditionally approved the RASR on July 
13,2000. 

IMT02PKC Page 3 
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Additional engineering requirements and data gaps leading to the RIWA were frst 
addressed in a letter fiom BI to the Department on August 3 1,2000. This report documents the 
findings of one necessary component of the confirmatory work. 

On April 11,2000 a "hot spot" definition of the most impacted sediments in the PKC'W~S 
finalized and submitted. This definition will be incorporated into the R A W .  Additional tasks 
identified in the August 3 1,2000 letter and the recommendation section will be implemented 
upon the department's concurrence with the necessary tasks. 

2.2 Historical Ovewiew 

The Bayonne Industries, Inc. (BI) site is a bulk liquid petroleum storage facility located in 
the Constable Hook area of Bayonne, Hudson County, New Jersey. Prior to 1956, the site was 
part of the larger configuration of a Tidewater Oil Company refinery operation, which began in 
the 1870's. From the 1870's to approximately 1956, the site operated as a major petroleum 
refinery. Refinery operations ceased in approximately 1956; from that time forward, the site 
operated as a bulk storage terminal. 

The land adjoining the eastern and northerly runs of the PKC is currently owned by 
ExxonMobil and was acquired in several stages by their predecessor (Standard Oil of New 
Jersey) between the late 1890s and late 1930s. Between the early 1900s and 1950s, various wax 
manufacturing facilities had been operated and then dismantled in this section of the facility. As 

I late as 1967, limited equipment associated with lube oil manufacturing remained in use (Dan 
Raviv, 1994). East of the canal, ASTs are currently used to store various lube and petroleum 

I 
products. 

The Platty Kill Canal is an inactive barge slip surrounded by an artificially filled 

i 
industrial land site. It is approximately 1000 feet in length and is separated from the Kill van 
Kull by a steel sheet pile dam that was installed in 1991 under permit by the U.S. Corps of 
Engineers. The sheet pile dam provides a physical barrier spanning the width of the canal and 

1 acts as a restraint for sediment migration. 

1 
2.3 Physical Setting 

! The BI and EM sites are located within a heavily industrialized area on the east side of 
the city of Bayonne, in Hudson County, New Jersey, in an area often referred to as the Constable 

I Hook. The two facilities are bordered to the north by East 22nd Street and the city of Bayonne; 
to the west by the Coastal Oil Co. petroleum terminal, to the south by the Kill van Kull and to the 
east by the upper New York Bay. 

1 
I 
I A detailed site plan for the canal area developed from a land survey for the work reported 

herein is included as Figure 1. Figure 1 also includes a site location map with a 1 -mile radius of 
I 
1 
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the area, prepared from the U.S. Geological Survey 7.5-Minute Jersey City Quadrangle. This 
map shows the current site boundaries, local topography, general surface water drainage, and 
general land use patterns. 

2.4 Site Physiography, Geology and Hydrogeology 

The Bayonne Industries site is geologically located near the boundary between the 
Triassic Lowland and Manhattan Prong structural regions of the Piedmont Physiographic 
Province of New Jersey. The site is underlain by a stratigraphic sequence including 
unconsolidated sands, silts, and clays of Recent and Pleistocene age, and consolidated and 
weathered bedrock of Triassic and Precambrian age (Eckenfelder, Inc., 1992). Within the 
general vicinity of the site, two distinct bedrock groups have been recognized: the Newark 
Supergroup of Triassic/Jurassic age, and the Manhattan Schist of Precambrian to Cambrian age 
(Lyttle and Epstein, 1987). The Manhattan Schist is a dark gray, micaceous schist or layered 
gneiss with subordinate metaquartzite, metagraywacke, and amphibolite (Lyttle and Epstein, 
1987; Soren, 1988). 

The contact between the Stockton and Lockatong Formations of the Newark Supergroup 
Gyttle and Epstein, 1987) within the Newark Basin exists in the area of the Bayonne Industries 
site. The Stockton Formation generally consists of sandstone, mudstone, and siltstone. Overlying 
the Stockton Formation is the Lockatong Formation, which consists of finer-grained, more 
argillaceous mudstone and siltstone. 

Unconsolidated glacial and post-glacial sediments of late Wisconsinian age overlay the 
bedrock in this area. Glacial sediments consist of glacial till made up of varying materials and 
glacial outwash sediments. Proglacial lakes were formed in the area by the damming of melt 
waters by the Woodfordian Terminal Moraine. This glacial event provided for the deposition of 
lacustrine clays on lake bottoms that have been identified during this investigation. The clays 
near the mouth of the canal show erosional features and are mixed with gravel till. The 
placement of these erosional clays and till is supported by observations made in the literature. In 
1902, Rollin D. Salisbutrg the state geologist wrote the "Kill Van Kull is not so wide or so deep 
as to make it unreasonable to suppose that it is of post-glacial development, and perhaps the 
same may be said for the Narrows and East River". 

Above the glacial materials are post-glacial sediments that include recent sand, silt, and 
clay; some of this clay is commonly termed "meadow mat.' The most recent silt and gray clay are 
reportedly of marine origin deposited during the later recessional period of the Wisconsin 
glaciation (Lueder, Obear, Holman, Rogers, 1952). Fill materials used to reclaim the area for 
industrial use now overlie the meadow mat gray clay. An upper, often brackish water-bearing 
zone exists within the fill materials. 

I 
Vibrocore and land borings performed during this investigation confirm the geology as 
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reported in the literature. The general profile found within the canal consists of a layer of sludge 
and sediment; followed by a sand, gravel, cobble layer overlying a reddish-brown clay or gravel- 
clay-till deposit that has been confirmed to line the bottom of the canal. Soil Boring Logs are 
included as Appendix A. 

The layer of sludge and sediment in the canal generally ranges from 10 to 15 feet thick 
followed by a 1 to 5 foot thick layer composed of sand, gravel or cobbles. Beneath this layer is 
red silty clay, which could not be fully penetrated by the vibrocore barrel. Since the vibrocore 
borings did not penetrate the red silty clay, the total clay thickness within the PKC is 
undetermined. However, based on the adjacent land delineation soil borings, the clay thickness 
has been measured up to 8.5 feet thick. Along the sides of the PKC, a glacial till underlies the 
clay. The unconsolidated overburden deposits adjacent to the canal generally consist of fill 
material followed by gray clay over a layer of silty sandwith some gravel and a glacial clay-till 
formation. Vibrocore Sediment Core Logs are included as Appendix B. 

The clay penetration recorded in the vibrocore borings ranged fkom a trace material in the 
tip to a maximum 7.5 feet in Vibrocore boring (VIB) 43-2. The top of the red silty clay ranged 
fiom minus 17.7 ft. below mean sea level (bmsl) to minus 24.5 ft. bmsl. The fill material ranged 
fkom 10 to 15 feet thick on the BI side to a maximum of 25 feet thick on the EM side. The gray 
clay ranged from 1 to 10 feet thick over a silty sand layer ranging from 2 to 10 feet thick; 
followed by red silty clay. The top of the red silty clay ranged fiom minus 14.9 ft. below mean 
sea level (bmsl) to minus 24.0 ft. bmsl and ranged in thickness from 0.5 ft. thick in delineation 
soil boring @SB) 01 to 8.5 ft. thick in DSB-09. There was no red silty clay found in land 
Delineation Soil Boring DSB-11. This is depicted on Figures 2 and 4. 

On land, the underlying glacial till ranged from minus 15.4 ft. bmsl to minus 29.3 ft. bmsl 
and ranged in thickness from 0.5 ft. thick in DSB-04 to 6.0 ft. thick in DSB-02. However, the 
borings were not designed to penetrate a third confining layer (till), so the actual thickness of 
underlying till is undetermined. 

In summary, this geology is likely the result of glacial outwash deposits and the erosional 
and depositional environment associated with drainage and stream flow after the retreat of the 
glacier. An overlay of the historic shoreline is presented in Figure 4. 

Groundwater flow direction beneath the site has previously been determined to be 
easterly toward the canal and the Kill van Kull, the primary area of groundwater discharge in the 
region. This direction of the groundwater flow was confirmed on contour maps developed fkom 
groundwater elevation measurements collected by BI and Parsons for ExxonMobil. The site, 
located adjacent to the Kill van Kull, is tidally influenced as observed during various water level 
measurements collected at both sites. 

IMT02PKC Page 6 
C:\Bluestone\PROJECTS\IM~mt02pkc\RI ADDENDUM report\RI Addendum Report.doc September 4,2001 



3.0 TECHNICAL OVERVIEW 

In preparing the RASR, the feasibility and implementability of various remedial 
alternatives to bring the Platty Kill Canal to closure were evaluated. Based on the evaluation and 
coilsidering the data collected to date, containment and fill has been selected as the most 
appropriate remedy. 

Investigations have been performed at both the EM and BI sites to evaluate the presence, 
type, extent and concentration of neighboring soil and groundwater contamination as well as the 
local geologic conditions. The investigation and specific work tasks addressed in this report 
were conducted to fill data gaps and to provide a more complete basis for consideration of 
containment as the most reasonable remedial alternative. The confirmed presence of the natural 
clay and/or till layers, with inherent low permeability, confirmed throughout approximately 78% 
of the canal floor length supports the containment alternative. It is only for a relatively limited 
area (1 5%) located mid-canal that a clay layer has not at yet been identified, due in part to the 
inability of the sampling technique (vibrocore) to penetrate a silty-sand layer present in the same 
area. Complete delineation of the clay, using tripod mounted conventional drilling techniques on 
a small barge, is proposed in the following sections of this report. 

This investigation also confirmed the existence of obstructions in distinct areas of the 
canal (likely due to the existing deteriorating bulkhead and previous structures that may have 
fallen into the waterway). These obstructions are significant but are not considered limiting to 
the implementation of the remedy, as there is every indication that they can be removed prior to 
beginning construction of the containment structures. 

3.1 Feasibility and Implementability Considerations 

The over water vibrocore boring pro rams conducted in March 2000 and January 200 1 
did for the most part confirm the presence o f clay and clay-gravel glacial till layers throughout 
the site and identified specific depths and aerial extent of these layers. Permeability test results 
on the confirmed clay samples were found to be in the 1 0-7 cdsec  range. The area lacking this 
specific information (mid-canal) warrants further investigation to obtain data that are more 
complete for both pile driving and permeability considerations. 

The results of the soil boring investigations provided the data necessary to support the proposed 
remedy of installing a sheet pile containment barrier along the interior perimeter of the canal. A 
more detailed understanding of the central portion of the PKC and confirmation that this area can 
be addressed with a modified approach is necessary. The presence of various man-made 
obstructions that could impact the installation of the sheet pile does need to be evaluated in more 
detail. 
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I 4.0 SUMMARY OF FIELD ACTIVITIES 

! 

i 
I 

Bluestone performed additional investigation activities regarding the physical setting, 
canal construction, soils and hydrogeologic characteristics relevant to the canal closure. Detailed 
descriptions and results of these investigations are presented in the following sections. A site ' 
plan with the vibrocore boring, land boring and cross-section locations is presented as Figure 1. 

! 
Generalized cross-sections are presented in Figure 2. An obstruction area map is presented as 
Figure 3 and a clay thickness and delineation map with the historic shoreline overlay is presented 

1 
I 

as Figure 4. A top of clay-till contour map is presented as Figure 5. 

I 4.1 March 2000 Vibrocore Boring Program 

I 

Vibrocore sampling provides an efficient means to investigate vertical profiles of. 
1 underwater sediments and soils. Field trials implemented in the PKC had proven that 
1 
I approximately three feet of the local clay-till material could be penetrated with this method. 

Vibrocore sanlples are intact columns of sediment four inches in diameter and up to 20 feet long. 

I Collecting them requires a suitable platform for extracting and lifting the heavy cores. For that 
reason, this equipment has been deployed from a crane, thereby alleviating the need to work over 
the PKC on a platform. The crane method reduced health and safety concerns, land 

1 decontamination, and many other limitations associated with floating platform activities. 

In March 2000, representative samples of the clay-till were collected using vibrocore 

I technology. The technique was previously approved by the Department for use in sampling the 
PKC in 1996 and again in September 1999. The findings were submitted in the BI April 27, 
2000 Quarterly Report and detailed lab data was provided to the Department at their request on 

I August 2,2000. 

Eight clay samples were collected during the sampling activity and four were submitted to 
the laboratory for permeability analysis, particle size distribution and Atterberg limits. Vibrocore' 
samples were collected near the mouth of the PKC, upstream of the existing sheet pile dam. 
Vibrocore sampling confirmed the location of a red-brown clay-gravel till at a depth of 
approximately 26-feet below the top of the western bulkhead at its southern end or approximately 
18 ft. below mean sea level (bmsl). Generally, this till material at the end of the Canal was found 
to have higher gravel content than the clay till under the Platty Kill Pond and northern portion of 
the PKC. 

The very dense nature of the samples and the coarse gravel (314 to 3 inches) in the clay 
matrix did not allow for the gathering of "undisturbed" samples needed for a flexible wall 
permeability test (ASTM D: 5084). Other routine classification tests were conducted on the soils 
in an attempt to make a generalized assessment of the range of permeability that this material 
would exhibit. A grain-size analysis (ASTM D: 422) and Atterberg limits (ASTM D: 43 18) were 
performed on each sample. Gravel content ranged from 44.4% to 8.4% and the fines content 
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ranged from 62.6% to 21 .l% in the samples. The testing also indicated that the soil was cohesive 
and exhibited plasticity. Based on these results and visual assessment, the soil was classified as a 
very dense, clayey glacial till. 

The geotechnical laboratory concluded that based on the information referenced above 
and their experience with similar materials, the soil could possess a permeability ranging from 
1.0 x 1 0-O6 cdsec  to 1.0 x lo"* cdsec.  This information confirmed the expectation that a 
reasonable barrier is located below the PKC and that limited additional investigation should 
provide a suitably complete assessment of the adequacy of the existing materials. 

4.2 January 2001 Vibrocore Boring Program 

In January 2001, representative samples of the clay-till were collected using vibrocore 
technology as discussed in the previous section. 76 Vibrocore borings were advanced in 3 8 
locations in order to delineate potential obstructioils and identify the sediment stratigraphy, 
especially the presence or absence of a confining clay layer of low permeability at the bottom of 
the PKC. 

The vibrocore boring programs confirmed the presence of an impermeable clay - glacial 
till layer throughout the site except in an approximate 300-foot section (280 feet long) along the 
EM side between VIB-16 and VIB-11 and in an approximate 100-foot side (70 feet) along the BI 
side between VIB-37 and VIB-39 where the vibrocore could not penetrate the upper sediments. 
A discussion of the findings is included in the following sections. 

Samples from VIB- 10- 1, VLB-17-2 and VIB-49-2 locations were submitted to the 
geotechnical laboratory (Paulus, Sokolowski and Sartor in Warren, NJ) for permeability analysis. 
The permeability test results ranged from 2.46 x lo-' to 5.64 x lo-' cd sec  and the results are 
sunlmarized on Table I .  The Permeability Test Result Sheets are provided in Appendix C. A 
discussion of the findings is included in the following sections. 

4.3 January 2001 Delineation Soil Boring Program 

In the November 15,2000, and December 28,2000, NJDEP Comment letters regarding 
the Remedial Investigation for Clay-Till Sampling (dated 30 August 2000), the Department 
outlined the approved drilling and sampling procedure to be followed during the clay-till 
delineation and associated Shelby tube sampling. This was followed up by a comment letter 
from BI dated January 3,2001. The drilling program required setting casings into the confining 
units prior to advancing the drilling into the underlying formations. 

As noted earlier, the delineation soil-boring program confirmed the presence of an 
impermeable clay-glacial till layer throughout the site except in an approximate 300-foot section 
(330 feet long) along the EM side between DSB-6 and DSB-4. The only boring that did not 
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contain the relatively impermeable clay-glacial till layer was DSB-11. This boring defined a silty 
sand overlying the till. 

The program thus determined that a distinct layer of red-brown clay extends along the 
northern portion of the PKC. This clay was first thought to be a clay-till (i.e., moved by glacial 
ice) with less gravel north and more gravel to the south near the mouth of the PKC. However, a 
formation contact was found in the northern portion of the PKC where a clay layer rests on the 
underlying clay-till. 

Under the southern portion of the PKC, the clay is mixed with gravel and maintains a 
relatively low permeability. Here it is thought to be a clay-till or an erosional lacustrine clay and 
till mixed where the PKC drained into the Kill Van Kull. 

Landside soil borings performed during the investigation also confirmed the glacial 
geology as reported in the literature. The unconsolidated overburden deposits adjacent to the 
canal generally consist of fill material overlying gray clay that was deposited over a layer of silty 
sand with some gravel and finally red-brown glacial clay and clay-till formations. This profile is 
likely the result of glacial outwash deposits and the erosional and depositional environment 
associated with drainage and stream flow after the retreat of the glacier. 

The fill material ranged from 10 to 15 feet thick on the BI side to a maximum of 25 feet 
thick on the EM side. The gray clay ranged from 1 to 10 feet thick over a silty sand layer ranging 
from 2 to 10 feet thick; followed by red silty clay. The top of the red silty clay ranged from 14.9 
fi. bmsl to 24.0 fi. bmsl and ranged in thickness from 0.5 ft. thick in DSB-01 to 8.5 ft. thick in 
DSB-09. There was no red silty clay noted in DSB-11. The underlying glacial till ranged from 
15.4 ft. bmsl to 29.3 ft. bmsl and ranged in thickness from 0.5 fi. thick in DSB-04 to 6.0 fi. thick 
in DSB-02. However, the borings were not designed to penetrate a third confining layer (the till), 
so actual glacial till thickness below the clay remains undetermined. Detailed cross sections have 
been prepared and are presented on Figure 2. 

4.4 Laboratory Permeability Testing 

Laboratory permeability testing was performed on four successful Shelby Tube samples 
collected from eleven borings and three selected vibrocore samples. Two additional samples of 
the clay-till were analyzed after they were reconstituted. Shelby Tube sample collection was 
attempted at each boring location but was not always successful. Samples were difficult and 
impossible to collect where the clay was less than three feet thick. The procedure of sealing the 
casing 1 -foot into the clay and pushing the Shelby Tube the additional two feet required a 
minimum of 3-feet of day. 

Shelby Tube and vibrocore boring soil samples of the clay-till materials were collected 
and submitted to Paulus, Sokolowski and Sartor of Warren, NJ, to perform permeability tests 
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according to ASTM standards. Laboratory constant head permeability testing was performed on a 
total of seven (7) samples collected during the vibrocore and delineation soil boring programs. 
The laboratory Permeability Test Result Sheets are provided in Appendix C, laboratory 
Undisturbed Sample Logs of the Shelby tubes are included in Appendix D. Vibrocore Logs 
completed by the laboratory are included in Appendix E. 

To investigate the permeability differences between the clay and clay-till, a sample was 
collected below the clay in the till with a split-spoon sampler at DSB-07 from 37 to 38 feet below 
grouid surface. This sample was sent to the laboratory and its density was measured to be used 
in reconstituting it for a falling head permeability test. A second, disturbed sample fiom DSB-03 
(36 to 38 ft. bgs) was reconstituted to the same density and a second falling head test was 
conducted in the laboratory. The results of the reconstituted samples from DSB-07 and DSB-03 
were 5.05 x 1 o - ~  to 2.17 x 1 0-6 crdsec respectively. Logs of these materials are included in 
Appendix D. 

In summary, permeability test results fiom successful Shelby Tubes clay samples ranged 
from 1.47 x 10 '~  to 8.80 x crdsec and 2.17 x lom6 to 5.05 x 10 '~  cdsec  for the reconstituted 
clay-till samples. The results are summarized on Table I. 

4.5 Field Falling Head Permeability Testing 

At the end of the boring program field falling head permeability tests were performed in 
three (3) borings where soil samples could not be collected. The time period between obtaining 
the final Shelby Tube samples and the grouting of the last borings provided an ideal opportunity 
to perform these field tests and to attempt to correlate the field observations with the laboratory 
generated data. The Field Falling Head Permeability Test was performed in the field for DSB- 
04, DSB-10 and DSB-11. The tests were performed according to the methodology and 
calculations contained in Time Lag and Soil Permeability in Ground-Water Observations, 
Bulletin No. 36, Corps of Engineers, US Army, April, 1951. 

Permeability test results ranged from 2.8 x 10" to 1.5 x cmlsec and the results are 
summarized on Table 1. The boring DSB-11 that did not contain the impermeable clay-glacial 
till layer also had the highest permeability result calculated at 2.8 x 10 '~  cdsec .  

The results of the field permeability tests for DSB-04 (6.3 x crdsec at 36.0 feet 
depth) and DSB-10 (1.5 x 10-6 crdsec at 34.0 feet depth) did not correlate well with the more 
controlled laboratory results. The laboratory permeability result for DSB-10 analyzed from a 
Shelby Tube sample collected from 29.5 ft. to 30.0 ft. depth below surface is calculated at 6.87 x 

low7 cdsec;  as compared with the field result of 6.3 x 10-5 cmlsec. obtained at 34.0 feet. 

There was no red silty clay noted in DSB-11 and the material could not be sampled with a 
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Shelby Tube for laboratory permeability testing. Field permeability was calculated from the 
DSB-11 sample collected at 38.0 feet depth as 2.8 x 10-3 cmlsec. However, considering the 
possibility for casing leakage during the test and a comparison to the better-controlled laboratory 
results, the field findings may be considered biased high. Observations of the material do 
indicate that it is more permeable than the clay-till formation. This variation in permeability 
between DSBYs - 04 and -10 versus DSB-11 is likely attributed to a facies change in the area of 
boring DSB-11. This apparent change merits future investigation and is discussed further in 
Section 6,  Recommendations. 

4.6 Surveying 

All sampling locations were surveyed by a certified Professional Land Surveyor, J. Peter 
Borbas, PLS, Boonton, New Jersey. Horizontal locations were determined from USGS control 
points set on site. Vertical elevations were determined using the North American Vertical Datum 
1929 (NAVD 29). The latitude and longitude of each boring location is provided on the boring 
log. 

All vibrocore boring locations were marked on the bulkhead with nails and orange 
flagging. An offset distance from the face of the bulkhead perpendicular to the boring location in 
the canal was measured with a Leica laser or estimated using a measuring tape when severe 
weather conditions were encountered. 
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5.0 FINDINGS AND RESULTS 

5.1 Geological Conditions 

There is a close connection between the environment of deposition of natural sediments 
underlying the PKC site and the hydrogeologic characteristics of the sediments. Based on the 
environment of depositions identified by Carswell and others for the area, and the anticipated 
flow regime, the underlying lacustrine clays and glacial till provide two levels of physical 
confinement for the coiltainment remedy developed in the RASR. 

This program confimed the glacial geology as generally reported in the literature. The 
general soil profile within the canal area consists of a layer of sludge and sediment; followed by a 
sand, gravel, cobble layer overlying a reddish-brown clay andlor gravel-clay till. These deposits 
have been confirmed to line the bottom of most of the canal. The exception to this is an area at 
the mid point where the vibrocore could not penetrate and where on the eastern landside clay was 
not found. The unconsolidated overburden deposits adjacent to the canal generally consist of fill 
material over a layer of silty sand with some gravel and a glacial clay-till formation. 

This profile is likely the result of glacial outwash deposits and glacial lake development 
followed by the erosional and depositional environment associated with drainage and stream 
flow after the retreat of the glacier. This is supported by the outline of the historic (pre- land 
filling) creek and river shoreline and drainage depicted on Figure 4. The only boring that did not 
confirm the presence of the clay-glacial till layer was DSB-11.   his area may have undergone 
erosion by the Kill van Kull during an early glacial retreat and formation of the Kill. A clay-till 
thickness is also presented on Figure 4. The top elevation of the clay and clay-till is contoured 
and presented as Figure 5. 

The layer of sludge and sediment in the canal ranged generally from 10 to 15 feet thick 
followed by a 1 to 5 feet thick layer of sand and gravel or cobbles. Beneath this layer, red-brown 
silty clay was encountered which could not be hlly penetrated by the vibrocore barrel. The clay 
penetration recorded in the vibrocore borings ranged from a minimal trace material in the tip of 
(VIB 20-1,24-1, and 35-1) to a maximum 7.5 feet in VIB-43-2. The top of the red silty clay 
ranged from 17.7 ft. bmsl to 24.5 ft. bmsl. 

5.2 Known Canal Obstructions 

Obstructions noted on the Obstruction Area Map (Figure 3) were located based on the 
visual condition of the bulkhead as well as the ability of the vibrocore barrel to penetrate the 
sediments. As noted oil the map, there are two sections of dilapidated and collapsed bulkhead, 
both located in the upper reaches of the canal near the pond. In these areas, it is likely that the 
bulkhead and collapsed remnants will have either to be removed or restored prior to sheet pile 
installation. There is another fairly large obstructed area in the vicinity of VIB-36 and VIB-51 
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that appears to extend into the center of the canal. In the early 1980's, the bulkhead on the EM 
side collapsed and was subsequently restored. It is possible that these obstructions are a remnant 
from that time period. 

5.3 Permeability Results 

The laboratory permeability test results range from 2.17 x 10-6 to 8.80 x 10-7 c d s e c  
indicating that the clay and clay-till serves as a relatively impermeable barrier to the vertical 
migration of contaminants. Where both are present the barrier is clearly a viable one compatible 
with a long-term containment-based remedy. In locations where only the clay-till is present, the 
barrier is acceptable with an artificial reduction in the peziometric head inside the barrier. Where 
sandy silt has been found, further investigation is warranted to quantify the permeability and to 
develop a responsive action plan. 

5.4 Field Falling Head Permeability Tests Results 

The results of the field permeability tests for DSB-04 (6.3 x 10-5 c d s e c  at 36.0 feet 

depth) and DSB-10 (1.5 x 10-6 cdsec  at 34.0 feet depth) indicate that the canal floor serves as a 
relatively impermeable barrier to the vertical migration of contaminants. The laboratory 
permeability result for DSB-10 analyzed from a Shelby Tube sample collected from 29.5 ft. to 

30.0 ft. depth below surface is calculated at 6.87 x 10-7 cdsec;  which loosely correlates with the 

field result of 6.3 x 1 0-5 cdsec .  obtained at 34.0 feet. 

The variation in permeability between DSB's -04 and -10 versus DSB-11 merits future 
investigation and is discussed W e r  in Section 6, Recommendations. 

5.5 Summary Of Findings 

Based on the results of the sediment investigations conducted on the Platty Kill Canal, the 
following can be generally concluded: 

1. The vibrocore boring programs conducted over water in March 2000 and January 2001 
confirmed the presence of clay and glacial till layers throughout the PKC except in an area 
where the vibrocore could not penetrate the upper sediments to the depth where the clay was 
otherwise found (approximately -15 ft below top of sediments or -29 ft below top of 
bulkhead). An area approximately 300-foot long on the EM side between VIB-16 and VIB- 
11 and approximately 100-foot long along the BI side between VIB-37 and VIB-39 remains 
where the clay needs to be confirmed. 

2. The land soil boring delineation program conducted in January 200 1 confirmed the presence 
of a clay and underlying clay-till layer throughout the site except in one boring, DSB- 1 1. 
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Based on distance between.DSB-11 and DSB-6 and between DSB-11 and DSB-4, a length of 
approximately 300-feet along the EM side remains where the clay has not yet been defined. 

3. Permeability test results on the four (4) clay and till samples collected from the delineation 
soil borings ranged from 1.47 x 1 o - ~  to 8.80 x 1 o - ~  cdsec.  

4. Permeability test results on the three (3) clay and till samples collected from the vibrocore 
borings ranged from 2.46 x 1 o - ~  to 5.64 x 1 oS7 cdsec.  

5. The results of the field observations and the laboratory permeability analyses have 
demonstrated that the clay and clay-till "canal floor" serves as an impermeable barrier that is 
effective in retarding the vertical migration of contaminants. 

6. Obstructions were identified in selected areas of the PKC and some are large enough to 
wmant further investigation. The obstructions are not expected to be so large as to require 
modification of the selected remedy. 
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6.0 RECOMMENDATIONS 

This section proposes additional forward engineering and investigation activities to 
supplement the existing information in support of a Remedial Action Work Plan to bring the 
Platty Kill Canal remediation effort to an acceptable closure. 

1. Utilize a drilling tripod mounted on a floating platform to complete the delineation borings 
within the area shown on Figure 4 where the clay needs to be confirmed. Drive and wash 
drilling method will be used along with continuous 2-foot interval split spoon sampling. This 
is necessary to delineate more precisely the area where the clay layer might not be under the 
silt. This area is not expected to be as large as currently defined based on the spacing of the 
borings. 

The borings locations will be VIB-11 through VIB-16, VIB-38,39, and 50 as shown on the 
figures. The "Remedial Investigation Addendum for Sampling Clay-Till", August 2000, will 
be followed using the "Conventional Drilling Soil Sampling Procedure" included in the 
Quality Assurance Project Plan, March, 1999" developed for the BI site. 

2. Perform additional land borings if necessary to determine the thickness of the confining clay- 
glacial till unit, as might be required for engineering andlor hydrogeologic reasons. 

3. Delineation and identify obstructions in the field in both the canal and the adjacent bulkhead 
and land areas for budgetay and engineering purposes. 

The delineation work listed above is weather dependant and cannot be safely conducted in the 
winter season. A proposed schedule for the work is included for Department approval. 

IMT02PKC Page 16 
C:\BIuestone\PROJECTSUMTI\Irnt02pkc\RI ADDENDUM report\RI Addendum Report.doc September 4,2001 



7.0 SCHEDULE 

The following is a proposed schedule of implementation of the work plan addendum 
tasks. These tasks will be initiated after the review and approval by the NJDEP. 

1 IMT02PKC Page 17 
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PUTTY HILL CANAL 
IMPLEMENTATION SCHEDULE 

7.0 PLATlY KILL CANAL IMPLEMENTATION SCHEDULE 
The Following is a proposed schedule of implementation ofthe work plan addendum tasks. These tasks will be initiated after the review and approval by the NJDEP. 

NOTE: Schedule wnflngent upon 60 day NJDEP reviews 

PKC ScheduleSEPT 



! 
1 

8.0 CERTIFICATIONS 
1 

Following are the certifications as required by the Department in order to constitute a 
i complete submittal. 
i 

I 
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I 

i 8.0 CERTIFICATION 
i 

I cert* under penalty of law that I have personally examined and am familiar with the 
1 information submitted in this application and all attached documents, and that based on my inquiry 
i of those individuals immediately responsible for obtaining the information, I believe that the 

submitted information is true, accurate and complete. I am aware that there are s i m c a n t  civil 
i penalties for knowingly submitting false, inaccurate or incomplete information and that I am 

committing a crime of the fourth degree if1 make a written false statement which I do not believe 
to be true. 

1 

I Vice President 
Bayonne Industries Inc. 



certifications 

Submission: Platty Kill Canal Remedial Investigation Addendum Report 

Date: August 21,2001 

General Objection 

ExxonMobil objects to the certification requirement in that the requirement of certifications herein is 
beyond the scope of authority granted to the Department by applicable statutes and is in conflict with the 
pre-existing contractual provisions of the ACO executed between ExxonMobil and the Department. The 
certification requirement is, thus, unconstitutional. However, in light of the fact that submissions made to 
the Department without the certifications are deemed by the Department to be incomplete, ExxonMobil 
signs below subject to the proviso that ExxonMobil and the signatories hereunder reserve all rights to 
challenge the certification requirement in any civil or criminal enforcement proceeding. 

N.J.A.C. 7:26E-1.5(a) 

This submission is certified pursuant to N.J.A.C. 7:26B-1.6 and the certification is made subject to the 
statutory provisions of N.J.S.A. 2C:28-3(a). Becauseof the limitations imposed by the manner in which 
information is collected and summarized, there is no one person who has direct knowledge of all the 
information used to prepare the submission and who also has overall responsibility for all of the 
information contained in the submission; however, based on the above and the General Objection and my 
review of -the information transmitted in this submission: 

"I certify under penalty of law that I have personally examined and am familiar with the 
information submitted in this application and all attached documents, and that based on 

. ,  . - . - my inquiry of those individuals immediately responsible for obtaining the information, To 
the best of my knowledge the submitted information is true, accurate and complete. I am 
aware that there are significant civil penalties for knowingly submitting false, inaccurate or 
incomplete information and that.1- am committing a crime of the fourth degree if.1 make a 
written false statement which I do not believe to be true. I am also aware that if I 
knowingly direct or authorize the violation of N.J.S.A. 13:'IK-6 et seq., I am personally 
liable for the penalties set forth at N.J.S.A. 13:l K-13." 

This submission is certified pursuant to N.J.A.C. 7:26C-1.2 and the certification is made subject to the 
statutory provisions of 1V.J.S.A. 2C:28-3(a). Based on the above and the General Objection and my 
review of the information transmittec! in this submissicn: 

"I certify under penalty of law that I have personally examined and am familiar with the 
information submitted in this application and all attached documents, and that based on 
my inquiry of those individuals immediately responsible for obtaining the information, I 
believe that the submitted information is true, accurate and complete. I am aware that 
there are significant civil penalties for knowingly submitting false, inaccurate or 
incomplete information and that I am committing a crime of the fourth degree if I make a 
written false statement which I do not believe to be true. I am also aware that if I 
knowingly direct or authorize the violation of any statute, I am personally liable for the 
penalties." 
. . .. . . 

Notarized:. , . . , , 

RITAE. B E C W  . 

NOTARY PUBI.IC OF NEW JERSEY 
)&J Commission EXPIN Feb. 6, 203 

Area Manager - RefiningIChemical 

::W . . 

I 

NOTARY PUBI.IC OF NEW JERSEY 
)&J Commission EXPIN Feb. 6, 203 

Area Manager - RefiningIChemical 



9.0 BIBLIOGRAPHY 

Low, E.R., and D.D. MacDonald, S.L. Smith and F.D. Calder, Incidence of adverse biological effects 
within ranges of chemical concentrations in marine and estuarine sediments, Environmental 
Management 19:81-97, 1995. 

The Glacial Geology of New Jersey, Rollin D. Salisbury, 1902 

Bayonne Industries Inc., Bayonne, NJ, Platty Kill Canal Interim Remedial Action Report Vol. I - ENSR 
Consulting and Engineering, November 1995 

Bayonne Industries Inc., Bayonne, NJ, Platty Kill Canal Interim Remedial Action Report Vol. I1 - ENSR 
Consulting and Engineering, November 1995 

Volume I and 11, Text, Figures and Tables, Non-Aqueous Phase Liquid (NAPL) Interim Remedial 
Measures Investigation, Platty Kill Canal Area, Exxon Bayonne Plant, Bayonne, New Jersey, DRAI Job. 
No. 93C1295, December 14: 1994 

Volume I1 of 11, Appendices, Non-Aqueous Phase Liquid (NAPL), Interim Remedial Measures 
Investigation, Platty Kill Canal Area, Exxon Bayonne Plant, Bayonne, New Jersey, DRAI Job No. 
93C1295, December 14,1994 

Responses to NJDEP Comments on the NAPL IRM Report and Addendum to the NAPL IRM 
Investigation Well PKMW16, The Platty Kill Canal Area, Former Exxon Bayonne Terminal, DRAI Job 
No. 93C1295, June 4,1996 

Bayonne Industries h c .  Platty Kill Canal Phase 11, Sediment Investigatioli Report, March 25, 1998. 

Bayonne Industries Inc and ExxonMobil, Remedial Action Selection Report, Platty Kill Canal - 
Bluestone Environmental Services, L.L.C., February, 2000 

Bayonne Industries Inc and ExxonMobil, Remedial Investigation Addendum for Sampling Clay-Till, 
Platty Kill Canal, Bayonne NJ, August 3 1,2000 



Bluestone Environmental Services, LLC 
IMTO2PKC 



TABLE 1 : 

Laboratory Constant Head Permeability Test Results 
Sample 

Designation 

DSB-06 

DSB-08 

DSB-09 

DSB-10 

VIB- 10- 1 

VIB- 1 7-2 

VIB-49-2 

Laboratory Falling Head Permeability Test Results 
Sample Sample Interval Permeability 

DSB-03 

DSB-07 

Field Falling Head Permeability Test Results 

Sample Interval 
(depth in feet) 

30.0 to 32.0 

33.0 to 34.0 

33.0 to 35.0 

29.5 to 30.0 

33.0 

33.5 to 35.0 

30.0 

36.0 to 38.0 

37.0 to 38.0 

Sample 
Designation 

DSB-04 

DSB- 10 

DSB-11 

Soil 
Description 

Reddish-brown clay 

Reddish-brown clay 

Reddish-brown clay 

Reddish-brown silt wlclay 

Red plastic silty clay 

Red plastic silty clay 

Red plastic silty clay 

Sample Interval 
(depth in feet) 

36.0 

34.0 

38.0 

Soil 
Description 

Reddish-brown till 

Reddish-brown till 

Reddish-brown till 

Permeability 
(cmlsec) 

2.54 x 10-7 

1.47 x 10-7 

8.80 x 10-7 

6.87 x 10-7 

2.46 x 10-7 

5.20 x 10-7 

5.64 x 10-7 

Reddish-brown till 

Reddish-brown clay till 

Permeability 
(cmlsec) 

6.3 x 10-5 

1.5 x 10-6 

2.8 x 

2.17 x 10-6 

5.05 x 10-6 
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Christine Todd Whitman 
Governor 

s f a f e  of SeLo yereep 
Department of Environmental Protection Robert C. Shinn, Jr. 

Commissioner 

CERTIFIED lMAIL 
RETURN RECEIPT REQUESTED 
NO. P i 27 6 3 %  -26% 

John E. Hannig 
Site Remediation Project Administrator 
Exxon Company, USA 
P.O. Box 728 
Linden, NJ 07036 

Re: Free Oil Recovery Interim Remedial Measures 
Exxon Bayonne Terminal 
November 27, 199 1 Administrative Consent Order/Amended December 24,1998 

Dear Mr Hannig: 

The Department of Environmental Protection (Department or NJDEP) has completed a review of 
Exxon Company's (Exxon) July 30, 1999 Draft Interim Remedial Measures (IRM) Work Plan for the 
implementation of a Free Oil Recovery Program (FORP) at the former Exxon Bayonne Plant (site). The 
Department is writing to inform you that the Draft IRM Work Plan must be revised in accordance with 
the Department's comments that are attached to this letter. However, the Department is granting Exxon 
interim approval for some of the proposed IRMs so that Exxon may move forward with the FORP while 
the IRM Work Plan is being revised. 

Exxon has requested that the Department grant interim approvals for the installation and 
operation of four (4) of the fiee oil recovery systems being proposed in the Draft IRM Work Plan. 
Interim approvals for these systems would allow for their implementation to occur concurrent with Exxon 
responding to the attached comments and finalizing the IRM Work Plan. The fouwecovery systems 
requiring interim approvals are in the following areas: Plume 1 (Pier 7), Plume 6 (southern portion of 
General Tankfield), Plume 16 (Platty Kill Canal Area water table zone) and Plume 16A (Platty Kill Canal 
Area confined zone). 

..- In the interest of expedhg  improved free oil remediation efforts at the site, NJDEP conditionally 
approves the construction and operation of the proposed recovery systems in these areas. This approval is 
subject to conformance with the attached comments. In particular, it should be noted that Plumes 1, 16 
and 16A are located adjacent to surface water bodies. These plumes may require additional remedial 
measures should it be determined that free oil and its constituents are directly or indirectly (via surface 
water) impacting sensitive receptors (Critical Function #3 of the FORP). 

In addition, it is clearly evident from visual observation that the Platty Kill Canal has already 
been impacted by contaminant discharges that include free and dissolved phased petroleum hydrocarbons. 
The Department has determined that Exxon is responsible for contributing to these impacts. This 
determination is based in part on the Department's review of reports documenting historical spills .md the 
migration of subsurface free oil into the Platty Kill Canal (see attached comments). The Department 

New Jersey isan Equal Opportunity Employer 
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acknowledges that the remedial measures proposed for plumes 16 and 16A is an appropriate response by 
Exxon, which may prevent further migration of free oil to the Platty Kill. However, controlling plume 
migration alone will not address the surface water and sediment contamination that has already occurred. 
Since these contaminants can potentially migrate via surface water to other sensitive receptors, additional 
remedial measures are required. 

Therefore, pursuant to Paragraph 76 of the ACO, Exxon is here-by required to submit to the 
Department a Remedial Action Selection Report (RASR) for the implementation of additional remedial 
measures for the Platty Kill. The RASR must comply with N.J.A.C. 7:26E-5 of the Technical 
Requirements for Site Remediation and be submitted to the Department within forty-five (45) calendar 
days from receipt of this correspondence. At a minimum, the RASR must propose remedial measures that 
will remove all accumulations of free oil on the banks and that will address all sediment and surface water 
contamination presently being detected. Please note that the remediation of the Platty Kill will be 
managed separately from the remedial activity associated with the FORP. 

Pursuant to Paragraph 21 of the ACO, Exxon must now modify the Draft-IRM Work Plan so that 
it incorporates the revisions specified by the Department in the attached comments and submit the revised 
FORP IRM Work Plan within ninety (90) calendar days after receipt of this correspondence. This may be 
accomplished through the use of inserts and the replacement of specific sections into the existing draft 
document rather than resubmitting the whole document. Should Exxon wish to meet with the Department 
within this time frame to discuss its comments, a "response to comments" document should be drafted 
first by Exxon and submitted within 14 days of the meeting. This document will be used as an agenda 
and where appropriate, incorporated into the revised IRM Work Plan. 

Eyou have any questions regarding this matter or would like to schedule a meeting, please 
contact me at (609) 633-1486. 

Sincerely, A 

Bureau of Case ~ a n a ~ e m e n t  

enclosure 
cc: Robert C. Weaver, Bayonne, Industries, Inc. wlo enclosure 

Anthony Kahaly, USEPA 
James Monkowski, Bayonne Health Department 



NJDEP Comments on the July 30,1999 

FORP Draft IRM Work Plan 

I. Protection of Sensitive Receptors (Critical Function #3) 

The Department has identified the protection of sensitive receptors as a critical 
function of the F O P .  Exxon has determined that the two mainpathways that may affect 
human and/or ecological receptors would be volatile organic movement into buildings 
and movement of free oil into nearby surface water bodies. 

1. Building Pathways 

a) A detailed inventory of all buildings on the Bayonne property must be 
incorporated into the overall monitoring program for the FORP. It must be 
determined whether the buildings have basements or other subsurface areas 
associated with it that may represent a risk for vapor accumulation. In addition, 
Exxon must canvas the buildings on surrounding properties where Exxon plumes 
(or vapors associated with the plumes) may potentially be migrating off-site. 

b) Exxon has proposed generic methods of monitoring for each of these 
pathways. The monitoring techniques must be provided in more detail. For each 
plume, a sampling plan and monitoring timetable has to be prepared. Depending 
on the particulars of each plume, field-screening devices (PID, FID, etc.) may not 
be appropriate. In particular, plumes (or vapors associated with the plumes) that 
may potentially be migrating off-site will require laboratory sampling to evaluate 
air quality. F- 

Surface Water Pathways 

a) The IRM Work Plan must note that protection of sensitive ecological 
receptors in surface water involves not only their protection from oil sheens, but 
also their protection fiom dissolved constituents emanating from fieelresidual 
product. This applies both to dissolved constituents emanating fiom fiee product 
sheens floating on surface water and dissolved constituent plumes in ground water 
that discharge to surface water. Please note that NJDEP did not accept the 
exclusion of the Upper New York Bay and Kill Van Kull waterways fiom the 
investigation of ecological impacts from the site, as proposed in Exxon's February 
1996 Baseline Ecological Evaluation (BEE). (See NJDEP's July 9, 1996 
comment letter to Exxon on the BEE.) These waterways also receive significant 
impacts from the site in the form of non-aqueous phase liquid (NAPL) and 



dissolved constituents emanating from free and residual NAPL. Therefore, as 
part of Critical Function # 3 of the FORP, Exxon shall monitor for potential 
ecological impacts on adjacent surface water bodies from NAPL its dissolved 
constituents. 

b) The IRM Work Plan must specify that additional measures to protect 
sensitive ecological receptors from dissolved constituents from the NAPL plumes 
will be proposed whenever the potential for impacts are detected. Please note that 
monitoring for potential impacts to nearby surface water bodies may require the 
installation of monitor wells to assess the ground water quality entering the 
surface water. 

I Progress and Performance MonitoringRieporting 

1. Performance Monitoring 

a) The performance standard for the proposed NAPL remediation systems is 
to measurably reduce the horizontal and vertical extent of the free product plumes 
over time by removing recoverable oil. However, the IRM Work Plan did not 
provide an explicit monitoring proposal for measuring the remedial performance 
at each plume. Exxon must propose a monitoring plan that is capable of 
demonstrating whether or not the performance standard is being achieved for each 
plume. The proposed monitoring plan must be presented in the text and on 
figures depicting plume and well locations. Please note that N.J.A.C. 7:26E-4.8 
requires that all figures have well locations and identifiers, as well as all data and 
relevant site features shown in clear, legible printing. 

b) Please note that "plume fiinge" wells are needed, (i.e., wells in areas in 
which the plume is believed to be less than 0.1 ft. in "true" thickness). The 
purpose of the plume fringe wells would be to monitor plume behavior as a result 
of the remedial activities and whether the plume is spreading or migrating over 
time. F. 

c) For plumes where total fluids (oil and ground water) recovery systems are 
being proposed, the IRM Work Plan must state explicitly how, and how often, the 
recovery systems will be checked to make sure that they are recovering oil at 
optimal rates. This is especially critical in areas that the fluids are not being 
discharged to tanks where the quantity of oil can be directly measured 
periodically. 

2. Progress Reporting Requirements 

a) Under the proposed IRM Work Plan, Exxon will submit periodic 
construction progress reports, monitoring reports (during system operations), and 
performance evaluation reports. The 199 1 ACO requirements stipulate the 
submission of a Quarterly Progress Report to recount activities conducted during 



a specified three-month period and proposed future work. To avoid exponentially 
increasing documents being submitted fi-om Exxon, it would make sense to 
incorporate the construction and monitoring reports for the IRM activities into the 
existing Quarterly Progress Reports. This comment is applicable to all the 
discussions dealing with periodic progress reports for the various plumes and 
proposed IRM activities. 

b) The IRM Work Plan often identifies likely sources of the NAPL plumes 
throughout the Bayonne site. In accordance with Critical Function #1 
(Systematically identify and eliminate any potential or actual uncontained releases 
of free oil), it may be necessary to investigate these potential sources (i.e., soil 
sampling). Ultimately, the entire site will be characterized during the remedial 
investigation (RI). However, if these areas represent a significant continual 
source of ground water contamination and/or (more importantly) continuous 
source of free oil, containment or remediation of these source areas may be 
needed. Until the RI commences again, interim investigations may be required to 
address these significant source areas pursuant to Critical Function # l .  Therefore, 
the Progress Reports must recommend appropriate actions in this regard when it is 
deemed essential for Critical Function #l .  

c) Exxon must periodically examine the proposed schedule for 
implementation of the FORP activities and evaluate the need to resume RI 
activities as the remediation of each plume progresses. Progress Reports must 
provide the results of these evaluations and recommend projected dates for 
beginning the RI. Such evaluations must prioritize the resumption of IU activities 
based on the level of risk posed to human health and the environment. Please be 
advised that the estimated IRM completion date for any given plume should not . 

necessarily be the trigger date for beginning RI activities. 

d) Soil and dissolved ground water contamination in areas that are not 
effected by the FORP (areas that free oil plumes have not been detected) may 
require the initiation of RI activity once IRM activities are undernay. For 
instance, surface soil with chromium contamination and dissolved ground water 
contamination containing chlorinated solvents near surface water, may require the 
initiation of RI activities regardless of the status of the IRM activities. Therefore, 
the Progress Reports must address the need to begin RI activities within any other 
areas the site that may pose an immediate risk to human health and the 
environment. 

e) If it is determined that any of the recovery or monitor wells are no longer 
required or if a well is damaged, the next consecutive Progress Report must 
provide a petition to NJDEP for properly abandoning the well(s). The petition 
must include all necessary information necessary to demonstrate to NJDEP why 
Exxon believes that the well is no longer needed and/or how the well has been 
damaged. A New Jersey licensed well driller who is certified to seal wells must 
perform all recovery or monitor well abandonment. 



3. Performance Evaluation Reporting 

Annual performance evaluation reports must be submitted for all fiee product 
remedial systems for a minimum of five years following the startup of each system. 
Please note that the performance evaluations of each W p l u m e  should be combined 
into one report. Following the initial five-year period, Exxon may petition NJDEP for a 
reduction in the fi-equency of the performance evaluation reports. The purpose of this is 
to ensure and demonstrate that all remedial systems are operating at optimum levels and 
that fi-ee product will be remediated in the shortest possible time. 

III. Sewers 

1. Integration of Sewer IRM Results with RI and FORP Results 

In Section 3.4.1 Exxon attempted to address a technical deficiency noted by the 
NJDEP by integrating the various sources of information on the Bayonne site, including 
RI, FORP and sewer investigation results. Soil, NAPL, ground water, and sewer integrity 
data, as well as historical information, when examined in the whole, may dramatically 
assist the ongoing investigation and ultimate remediation of contamination at the site. 
Exxon has endeavored to accomplish this but the most critical tool - maps - were not 
generated to visualize the information. The IRM Work Plan provides a summary of the 
data within the text. However, knowing there are, for example, 5 exceedances of the 
TPH 30,000 ppm levels and 2 breaks in the sewer line in the general vicinity of Plume 
XX does not aid in developing a conceptual model unless the visual presentation of the 
data is presented on a map (i-e. the sewer pipes in relation to the soil exceedances and the 
plume, indications of ground water flow direction in the area, etc.). 

Therefore, maps must accompany Section 3.4 of the IRM Work Plan, which relate 
the findings of the sewer investigation to the FORP. These maps shall indicate the 
locations of each of the sewerslines discussed in relation to the fi-ee product plumes at the 
site. In addition, the locations of the samples discussed in this section shall be indicated 
on the maps, with the exceedances of soil cleanup criteria and ground water quality 
criteria detected in the samples shown on the maps or in a separate table. 

2. Soil Quality 

a) Soil quality is discussed in Section 3.4.3 of the IRM Work Plan as it 
relates to each of the 6 Main Trunks of the Bayonne sewer line. Each of these 
sections discuses the results of prior soil sampling and those results that exceed 
some undefined criteria. This Section must be revised so that it identifies the 
specific criteria that are being utilized for comparison to the soil results. This 
comment is applicable to discussions on all 6 Main Trunks. 

b) The text in Section 3.4.7 of the IRM Work Plan refers to 18 soil samples 
in the vicinity of Main Tmnk #5 that had TPH results in excess of 30,000 mglkg 



(page 3-30). The next line refers to 8 samples in excess of 30,000 mglkg. Please 
clarify this discrepancy. 

I li: Plume-Specific Requirements 

1. Lengths of Operation of Recovery Svstems 

Many of the.projected recovery system operation times are very long. For 
example, 31 years is projected for Plume 16,34 years is projected for Plume 14A, and 35 
years is projected for Plumes 8 and 9. One of the main goals of the FORP is to remediate 
free product at the site as expeditiously as possible. Therefore, the IRM Work Plan must 
discuss whether up-front use of alternative technologies.or system modifications, such as 
closer recovery well spacing, might shorten the time needed for remediating these 
plumes. 

2. Plume 1 

The proposal for quarterly monitoring states that only the volume of total fluids 
pumped fi-om the Sheri 3 system will be reported. The IRM Work Plan needs to specify 
that the volume of oil recovered (fi-om the total fluids) will also be reported. 

(Please note that NJDEP Comment 1.2 above will apply to thisplume.) 

3. Plumes 2 and 3 

The passive recovery system proposed in this area does not address migration of 
dissolved constituents to Upper New York Bay. Critical Function 3 of the FORP must be 
addressed for this plume. 

4. Plume 4 

a) Please begin quarterly and annual reporting on the progress of fi-ee product 
recovery at Plume 4, beginning with the fourth quarter of 1999. 

b. Please clarify how it was determined that a competent red shale and 
sandstone occurs beneath this area at a depth of 20-50 ft. Geologic cross-sections 
in the 1995 Phase IA RI Report seem to contradict this finding. It is known fi-om 
review of historic borings performed at the site that some intervals in the till 
underlying the site contain large boulders. Please confirm whether or not 
boulders may have been mistaken for competent bedrock. 

5. Plumes 8 and 9 

a) The IRM Work Plan must discuss whether or not modifications to the 
proposed system design, such as the closer spacing of recovery wells, would 
significantly reduce the time for remediation of free product to be completed in 



this area. Furthermore, the IRM Work Plan must provide justification for not 
selecting other remedial alternatives that would result in better recovery of free oil 
in the plume. 

b) Oil recovered fi-om the proposed trench and recovery wells will be 
pumped to the West Side Treatment Plant via the existing sewer lines. The IRM 
Work Plan must provide a plan for verifying the integrity of the specific sewer 
lines to be utilized in this remedial action. 

6. Plume 10 

Plume 10 represents a potential health risk to human receptors in off-site facilities 
due to volatile vapors. Based upon the levels of ground water contamination present and 
the proximity of subsurface utilities and/or basements, Exxon shall canvass the 
immediate off-site area, locate all subsurface utilities and basements, and determine the 
presencelabsence of gasoline vapors in accordance with N.J.A.C. 7:26E-4.40 3.viii. 
Exxon shall plot the exact locations of all subsurface utilities and basements on a scaled 
site map. If it is confirmed that the source of the vapors is emanating from the Exxon 
site, Exxon shall take immediate action to abate and remediate the source in accordance 
with N.J.A.C. 7:26E- 1.1 1. These activities shall be conducted as soon as possible. 

Monitor Well MW19 located north of the trench must be included in the 
monitoring program for these plumes. Additional delineatiodIRM may be required 
should the free oil detected in this well be unaffected by the proposed IRM for these 
plumes. 

8. Plume 14-A and 14-B 

Oil recovered fiom the proposed trench and recovery wells will be pumped to the 
West Side Treatment Plant via the existing sewer lines. The IRM Workplan must 
provide a plan for verifying the integrity of the specific sewer lines to be utilized in ths  
remedial action. 

9. Plumes 16 and 16A 

a) Please note that NJDEP did not accept the conclusions of the December 
14, 1994 NAPL IRM Investigation Report of the Platty Kill Canal Area (Raviv 
Report), which states that there is no evidence to relate any NAPL discharge fiom 
this IRM area to the Platty Kill Canal. (Please see NJDEP's March 8, 1995 
review letter to Exxon.) Both the confined and unconfined fi-ee product plumes 
are located adjacent to the canal. The bulkhead along the canal is wooden and 47 
years old, and its depth and condition were not evaluated. The viscosity's of 
product present within both product plumes are considered recoverable, and 
therefore, mobile. Furthermore, the fill and sediment types in these plumes would 



not prevent migration of product from these plumes to the canal. It should also be 
pointed out that the Raviv Report did not address the migration of dissolved 
constituents to the canal. Therefore, in addition to the proposed IRM for these 
plumes a separate proposal for the remediation of existing impacts to the Platty 
Kill is required (see cover letter to these comments). 

b) NJDEP does not consider the size of the plume alone sufficient reason to 
increase the spacing of recovery wells to double that recommended for skimming. 
This is particularly so, since the increased recovery well spacing may be partly 
responsible for the long projected time of operation of the recovery systems in 
these plumes (3 1 years). Therefore the IRM Work Plan must discuss whether or 
not modifications to the proposed system design, such as the closer spacing of 
recovery wells, would significantly reduce the time for required for remediating 
free oil in this area. 

(Please note that NJDEP Comment 1.2 above will apply to these plumes.) 

10. "Outlier" Plume (Southeast of Plume 16) 

No plans for a system in this area are included in the IRM Work Plan. The IRM 
Work Plan must address this plume. 

K Appendices 

1. Appendix A, QAPP 

It is stated in the beginning of the QAPP that the information provided in the 
QAPP is based on EPA guidelines. Please be advised that QAPPs for work performed 
under NJDEP Site Remediation Program must comply with N.J.A.C. 7:26E-2.1 and 2.2. 

2. Appendix B, Standard Operating Procedures (SOPS) Temporary Well Installation 

a) . This SOP references NJDEP's July 26, 1996 letter, which amends the 
protocol for temporary well installations described in Method No. 3 of the NJDEP 
Alternate Ground Water sampling Techniques Guide. A copy of Department's 
July letter was not attached to the SOP. This letter must be attached as part of the 
SOP. 

b) The procedure for obtaining blanket boring permits for the installation of 
temporary wells needs to be corrected to indicate that blanket boring permits are 
to be obtained from NJDEP's Bureau of Water Allocation, not from 
municipalities or property owners. When borings or temporary wells are to be' 
installed on properties owned by separate owners or installed in more than one 
municipality, separate blanket boring permits are needed. (One for each 
municipality and one for each of the differently owned properties.) 



c) The method for the measurement of NAPL thickness must be provided in 
procedure 15. 

d) This SOP must include a section on dnving the wellpoint to the target 
depth, below the depth of the drilled borehole. 

e) This SOP shall include instructions for documentation of temporary well 
abandonment, per NJDEP's 7/26/96 letter. 

3. Appendix B, SOP for Permanent Well Installation 

a) This SOP must be revised in accordance with the comments below, 
N.J.A.C. 7:26E-4.4(g) and the New Jersey Monitor Well Requirements in 
Appendix 7-1 of NJDEP's Field Sampling Procedures Manual (FSPM) (May 
1992). 

b) Please note that NJDEP7s Monitor Well Requirements (revised 3/92) no 
longer specifies the use of a layer of bentonite pellets or chips above the 
sandpack. Therefore, the SOP must provide for a layer (minimum 2 ft.) of #00 
sand to be placed above the sandpack to prevent infiltration of grout into the 
sandpack. An NJDEP-approved grout (per Tables 1 through 3 in Appendix 7-1 of 
FSPM) must be placed by pumping through a tremie pipe in one continuous 
operation, from the top of the fine sand layer to the depth at which the cement 
collar is to be emplaced (about 3 ft. below grade). The grout must be checked for 
settling after 24 hours and topped off, if necessary. The tremie pipe should 
discharge to the side. 

c) The SOP must indicate (Per the FSPM) that well development will take 
place no less than 14 days prior to ground water monitoring activities, to allow the 
ground water to stabilize. 

f - 

4. Appendix B, SOP for Monitor well Development 

a) This SOP must provide for the removal of all water lost to the formation 
during drilling, and the removal of all fines that may have accumulated within the 
well, as well as those that may have been smeared on the inside of the borehole 
during well drilling. 

b) The well development log must include a specific column for the logging 
of turbidity. 

c) The SOP criterion for a non-turbid discharge, 50 NTU, may be sufficient 
for monitor wells used to measure NAPL thickness, water levels, etc. However, a 
"turbidity-free" discharge is required for wells used to measure ground water 
quality, particularly for such parameters as metals, PCBs, PAH7s, etc. 
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PHASE IA REMEDIAL 
INVESTIGATION 

BAYONNE PLANT 
BAYONNE, NEW JERSEY 

In September 1992, Geraghty & Miller, Inc. was retained by Exxon Company, U.S.A 

(Exxon) to prepare a work plan for the implementation of a Remedial Investigation (RI) of the 

Bayonne Plant in Bayonne, New Jersey (the Site) pursuant to an Administrative Consent Order 

(ACO) issued by the New Jersey Department of Environmental Protection (NJDEP), dated 

November 27, 1991. The Bayonne Plant is an approximately 288-acre petroleum products 

terminal that was historically owned and operated by Exxon (Figure 1-1). Since the signing of the 

ACO, Exxon has sold the majority of the Bayonne Plant to International Matex Tank Terminals 

(IM?T). This report documents the activities and hdings of Phase IA of the RI, which was 

canied out in accordance with the procedures and protocols specified in the Bayonne Plant RI 

Work Plan (RI Work Plan) submitted to the NJDEP on January 20, 1993 (Geraghty & Miller, Inc. 

1993a); the Memorandum entitled "Modification to the RI Work Plan" (klemorandum 

Modification), submitted to the NJDEP in October 1994 (Geraghty & Miller, Inc. 1994a); and the 

NJDEP Field Sampling Procedures Manual (NJDEPE 1992a). 

The RI Work Plan proposed a three-phase approach to characterize the Bayonne Plant and 

identified the phases as Phase IA, IB, and JI. The Phase IA RI field work was canied out fiom 

October 1994 to January 1995. The majority of the field work included the drilling and sampling 

of soil boring to classifjl soil nature and quality, the advancement and sampling of temporary 

drivepoints and permanent monitoring wells to evaluate groundwater quality, and the installation of 

temporary well points to determine the presence and s p d c  gravity of fiee-floating non-aqueous 

phase liquid (NAPL). 

Phase IA RI field activities included the installation of a site-wide monitoring well network 

to complement the locations of existing on-site monitoring wells. These monitoring wells were 

GERAGHTY B MILLER, INC. 



screened in the unconsolidated deposits to evaluate groundwater flow conditions. Additional field 

activities initiated in Phase IA included the following: a stratigraphic soil boring program consisting 

of soil sampling, bedrock coring, and the installation of additional intermediate and deep 

monitoring wells in the shallow unconsolidated deposits; a synoptic round of groundwater level 

and NAPL thickness measurements; and a groundwater sampling event of selected RI and pre- 

existing interim remedial measure (IRM) monitoring wells. The Phase IA data collection activities 

were designed to develop a conceptual model of groundwater flow conditions and to explore the 

Site for areas of affected soil and groundwater. 

As required by the ACO, NAPL IRM investigations are beiig conducted at the Bayonne 

Plant, in accordance with a NJDEP-approved work plan prepared by Dan Raviv Associates, Inc. 

@an Raviv Associates, Inc. 1993a). The NAPL IRM investigations at the General Tank 

Field, No. 3 Tank Field, Exxon Chemicals Plant Area, and Lube Oil Area, were conducted 

concurrent with RI activities, and involved the drilling of soil boring and installation of temporary 

well points and permanent monitoring wells. The results of the NAPL IRM field investigation 

were documented separately in the NAPL IRM investigation report submitted to the NJDEP on 

July 25, 1995 (Geraghty & Miller, Inc. 1995a). 

1.1 PURPOSE AND SCOPE 

The purpose of the RI is to characterize the nature and extent of contamination in soil and 

groundwater resulting fiom past activities at the Bayonne Plant, consistent with the ACO and the 

intent of the NJDEP "Technical Requirements for Site Remediation" (NJDEP 1993). The 

information collected during the RI will be used in the context of other potential contamination 

sources in this highly industrialized region to support an informed technical and risk management 

decision regard'mg the most appropriate remedy (or, where appropriate, no further action) for the 

Bayonne Plant. 

To accomplish the requirements outlined in the ACO for the Bayonne Plant, the scope of 

work for the RI is being conducted in a phased manner, in which data collected during the Phase 
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IA field investigation will be used to refine the scope and focus of subsequent field activities. The 

Phase IA effort has fkilitated planning of the scope of work for the remaining field efforts needed 

to achieve the objectives of the RI. The sampling efforts of the remaining RI field work in Phase 

IB will be focused to address Phase IA data gaps, as well as to fulfill the objectives of Phase 

(discussed below). 

Phase IA of the RI was designed to develop a conceptual model of groundwater flow 

conditions and to explore the Site for areas of affected soil and groundwater. This objective was 

accomplished primarily by drilling 84 shallow soil boring at the Site and by installing a drivepoint, 

temporary well point, or monitoring well in these boring. At 69 of these locations, the boreholes 

were grouted after the completion of soil sampling and the removal of a drivepoint or temporary 

well point. At the remaining 15 borehole locations, groundwater monitoring wells were installed in 

accordance with NJDEP specifications. At four other locations, deep stratigraphic borings were 

drilled until bedrock was encountered to confirm the depth to bedrock. Three intermediate and 

four deep monitoring wells were installed at these locations. Ambient air monitoring data were 

collected to evaluate the impact of field activities on air qualiv, these data are briefly discussed in 

this report. 

NAPL IRM investigations were implemented concurrently with the Phase IA field activities 

in the following areas of the Bayohne Plant: the No. 3 Tank6eld, the General Tank6eld, the Exxon 

Chemicals Plant (which involved the Utilities Area), and the Lube Oil Area. This work included 

the drilling of 32 additional soil borings and the installation of temporary well points, primarily to 

identifjl areas of the B a y o ~ e  Plant where NAPL can fieely enter a standpipe or monitoring we1 

and float on the water table. At five of these soil boring locations, a monitoring well was later 

installed because floating NAPL was detected in a temporary well point. To complement the 

Phase IA RI, the analytical scope of the IRM investigations was expanded to include soil sampling 

for laboratory analysis fiom 14 of the 32 IRM soil boring locations. The results of the soil 

analytical program and the temporary well point program are discussed in this report; detailed 

descriptions of the IRM methodologies are presented in the NAPL IRM Field Investigation Report 

(Geraghty & Miller, Inc. 1995a). 
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Collectively, the Phase IA efibrt and the NAPL IRM investigations resulted in the 

installation of 20 shallow monitoring wells, three intermediate monitoring wells, and four deep 

(overburden) monitoring wells. Groundwater samples were collected fiom 31 monitoring wells at 

the Site that did not exhibit floating NAPL. These wells included newly installed monitoring wells 

and historical and existing IRM wells. 

Subsequent phases (Phase IB and II) of the RI will be designed to complete the 

requirements of the ACO. Phase IB will delineate the extent of floating NAPL and the extent of 

groundwater affected by dissolved constituents, and will address the soil quality data gaps that 

persist after the Phase IA RI effort. Phase II will be designed to complete site characterization and 

contaminant delineation and to provide the data needed to evaluate the feasibiiity of potential 

remedial approaches. Soil, sediment, and groundwater sampling for risk assessment purposes may 

be conducted throughout the RI investigation, as needed. 

1.2 SITE LOCATION AND DESCRIPTION 

A discussion of the general site location and setting and a detailed description of the terms 

used throughout the Phase IA RI report to designate specific "Operational Areas" and "Study 

Areas" are presented in the following sections. 

1.2.1 General Site Location 

The Bayonne Plant (the Site) is located at 250 East 22nd Street, Bayonne, New Jersey (see 

Figure 1-1). The Site occupies approximately 288 acres (250 land and 38 riparian waterfront 

acres) and is situated in the southeastern portion of Hudson County, which is referred to as 

Constable Hook, an industrialized peninsula in Upper New York Bay. The Site is located in the 

southwestern part of the Jersey City, New Jersey, U.S. Geological Survey (USGS) (1981) 

topographic quadrangle (see Figure 1 - 1). The Bayonne Plant property is shown on the 1986 City 

of Bayonne tax map(s) as the following block(s) and lot(s), in accordance with the ACO: Block 
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419, Lots 1, 3, and 4; Block 427, Lot 3; Block 465, Lots 1 to 5 and 9; Block 466, Lots 1 

through 4; Block 477.01, Lot 3; Block 478, Lot 1; Block 480, Lot 1; and Block 418, Lots 3 and 4. 

In 1993, most of the Bayome Plant, with the exception of the Lube Oil Area, the Contiguous Pier 

No. 1 Area @lock 478, Lot l), and the Stockpile Area (Block 477.01, Lot 3), was purchased by 

IMTT. Copies of the relevant tax maps and a list of tax map lot and block numbers for the 

Bayome Plant is provided in Appendix A 

The Bayome Plant consists of a variety of features including offices, process areas, 

mechanical shops, warehouses, tank fields, pipelines, substations and other utility areas, railroad 

s id i i ,  a helipad, tanker docks and piers, truck loading stations, and two wastewater treatment 

plants. The Bayome Plant is bounded to the north by 22nd Street and Hook Road, to the east by 

Upper New York Bay, to the south by neighboring industries and the Kill Van KuU waterway, and 

to the west by the Platty Kill Canal and adjacent property that is also owned by IMTT (see Figure 

1-2). 

The Bayome Plant is surrounded by heavy and light industry, interconnected by a 

transportation netwok of roadways, railroads, and the navigable waters of the Kill Van Kull and 

Upper New York Bay. The general vicinity of the Site is the largest urbanized are. (the New 

York-Northeastern New Jersey Urbanized Area) in the United States (Forstall 1992). This area is 

noted by the U.S. Census Bureau as the most populated in the United States (16,044,012 

inhabitants) and one of the most populated areas in the world (U.S. Census Bureau 1990). 

1.2.2 Definition of O~erational Areas and Studv Areas 

The RI scope of work was designed to focus on potential or suspected locations of 

contambation. Due to the extensive history of operations (over 120 years) at the Bayome Plant 

and the diversity of operations in the various areas within the plant, Exxon and Geraghty & Miller 

thought that RI activities may vary between areas based on the nature of the operations, the size of 

the area, and existing contamination information. Therefore, the Site was divided into 13 

"operational areas." Details regardiing the definition and boundaries of the operational areas are 
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provided in the Site History Report (Geraghty & Miller, Inc. 1994b). The 13 operational areas, as 

shown on Figure 1-3, are as follows: "A"-Hill. Tank Field, Lube Oil Area, Pier No. 1 Area, No. 2 

Tank Field, Asphalt Plant Area, AV-Gas Tank Field, Exxon Chemicals Plant Area (Chemicals 

Plant Area), No. 3 Tank Field, General Tank Field, Solvent Tank Field, Low S u b  Tank Field, 

Piers and East Side Treatment Plant Area, and Domestic Trade Area. Four misceheous areas 

were also identified. These are the Stockpile Area, the MDC Building Area, the Utilities (Power 

Plant) Area, and the Main Building Area (see Figure 1-3). 

Throughout this report, the term "are." will be used to describe recogrued parts of the 

Site, such as IRM study areas, former operationaVprocess areas, and active operationaVprocess 

areas. These areas will be described specifically with an appropriate modifier and the "A" in are. 

will be capitalized (e.g., the Domestic Trade Area, the East Side Treatment Plant Area, or the Main 

Building Area). Other previously unrecognized areas will be discussed within this report to 

describe the results of the Phase IA RI. These areas will be cited with a modier, but the "A" in 

are. will not be capitalized (e.g., the Tanks 1066, 1067, and 1068 areas). 

1.3 REPORT ORGANIZATION 

This Phase IA RI Report is consistent with the intent of NJDEP1s "Technical Requirements 

for Site Remediation" (NJDEP 1993) and the ACO, and has been developed in a format suggested 

by the United States Environmental Protection Agency (USEPA). This report format is consistent 

with the format of the Phase IA RI Interim Report for the Bayway Refinery, which has been 

discussed and reviewed with the NJDEP Case Management Team. Section 2.0 provides historical 

information related to Bayome Plant operations, surrounding land use, and previous environmental 

investigations. A more detailed discussion of Site background information has been presented in 

the Site History Report (Geraghty & Miller, Inc. 1994b). Section 3.0 discusses the field and 

analytical methods used during the implementation of Phase IA field activities, and Section 4.0 

discusses the physical and hydrogeologic setting of the Site. Section 5.0 presents the findings of 

Phase IA of the RI, with subsections summarizing soil quality, occurrence of NAPL, and 

groundwater quahy at the Bayome Plant. Section 6.0 presents an overview of constituent and site 
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properties affecting fhte and trimsport. Section 7.0 provides an evaluation of the data, 

development of hypotheses, and conclusions regarding the fate and transport of contaminants in 

various areas of the plant. Section 8.0 presents the references used in the report. AU tables and 

figures are provided at the end of the report, separated by tabs and enumerated in accordance with 

the section of the report in which they are first referenced. 

Appendices A through K provide additional i n f o d o n .  A map and list of the tax block 

and lot numbers for the Bayonne Plant is presented in Appendix A Samplhre logs for soil 

boring and monitoring well boreholes are presented in Appendix B. These logs have been edited to 

provide uniform interpretation of conditions observed in the field. Sample eventlcriteria forms used 

for entering soil sample field information into the database, and chain-of-custody forms used for 

tracking samples during shipment, are provided in Appendix C. Monitoring well construction logs 

and the NJDEP Groundwater Monitoring Well Form B-Location Certscation Forms are provided 

in Appendix D. Bedrock core logs prepared during the stratigraphic soil boring program are 

provided in Appendix E. Groundwater sampling logs fi-om the January 1995 Phase IA 

groundwater sampling event are provided in Appendix F. Health and safety air monitoring 

readings and results of well head air monitoring are presented in Appendix G. The validated soil 

and groundwater sampling analytical results are provided in ASCII files on 3%inch, highdensity 

diskettes in Appendix H and Appendix I, respectively. A quality assurance/quality control 

(QAIQC) summary is provided in Appendix J. Downhole field parameter data are provided in 

Appendiix K. 

The report is intended to be viewed as an interim deliverable and not as the complete RI 

Report for the Bayonne Plant. Its purpose is to help guide subsequent data collection efforts under 

Phases IB and II. Many of the figures and tables and much of the text of this report will be revised 

to incorporate the addition of Phases IB and II data. All appropriate comments fi-om the NJDEP 

regarding the idonnation presented in this report will be incorporated into either the Phase IB or 

the Phase 11 draft RI reports. The Phase II draft RI report will document the activities and findings 

of all phases of the RI. Therefore, consistent with the goal of completing all phases of the RI in a 

timely manner and expediting remedial decisions, it is not planned for this report to undergo 
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revision and resubmission. However, contents may be revised and incorporated into W e  

deliverables, as discussed above. 

1.4 CONSIDERATION OF REMEDIAL INVESTIGATION AND INTERIM 
REMEDIAL MEASURE FINDINGS 

As part of the Sewer IRM required by the ACO, plant sewers have been undergoing 

cleaning and video camera inspection under the direction of IT Corporation. During a November 

2, 1995 meeting between Exxon and NJDEP, a means of consolidating findings of the Sewer IRM 

and the Phase IA RI effort were discussed. In subsequent discussions with NJDEP, Exxon has 

agreed that a series of reports will be prepared by IT Corporation, documenting the work 

performed, and the findings for the various trunk lines of the Bayonne Plant sewer system. 

These reports will include maps of the sewer systems depicting findings of the Sewer IRM 

work programs, with the Phase IA RI NAPL plume configurations and groundwater contour 

overlaid on them. The reports will assess the extent to which there appear to be correlations 

between Phase IA RI findings and NAPL and Sewer IRM findings, the extent to which sewer pipe 

is likely to be submerged below the groundwater table, and other factors which aid in definition of 

data gaps for additional phases of the RI. Information fiom these reports will be used in 

consideration of long-term remedial measures for the site. 
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This section provides a brief summary of the site history, surrounding land use, and 

previous environmental investigations, including previous and ongoing IRMs. Where appropriate, 

data fiom other investigations conducted prior to, or concurrent with, the Phase IA RI field 

activities were incorporated into this report. A detailed description of the history of Bayome Plant 

operations and previous studies is presented in the Site History Report (Geraghty & Miller, Inc. 

1994b). 

2.1 SUMMARY OF SITE HISTORY AND SURROUNDING LAND USE 

Since the late 1800s, nearly all of Constable Hook has been occupied by the petrochemical 

industry. The Prentice Refining Company established a small kerosene reiinery in the Constable 

Hook Area in 1875. This operation consisted of 12 refining stills and was located in the areas of 

the Bayome Plant currently occupied by the Lube Oil Area and a portion of the "A"-Hill Tank 

Field (Fairchild 1994). In 1877, John D. Rockefeller, representing Standard Oil Company (the 

predecessor company of Exxon), purchased the Prentice Oil Company refinery and several adjacent 

tracts of land totaling 176 acres (Fairchild 1994). From 1877 to approximately 1971, the Bayome 

Plant was operated as a refinery an4 up to 1936, underwent significant growth and expansion. 

During this period, Exxon, under the name of its predecessors (Standard Oil Company [New 

Jersey] and Standard Oil Company of New Jersey), purchased numerous surrounding tracts of land 

on Constable Hook. 

The Standard Oil Company owned and operated approximately 650 acres on Constable 

Hook during the peak of plant operations in 1936 @=on Company, U.S.A 1988). From 1936 

through 1947, Standard Oil Company sold numerous parcels of land to various industries. 

Between 1940 and 1947, the Constable Hook Area was extensively developed as a 

petrochemical area containing a network of railroad lines, roads, and piers for shipping. The 

northern portion of Constable Hook was undergoing extensive reclamation fiom Upper New York 
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Bay, and the southern portion of Constable Hook was occupied by hundreds of storage tanks. A 

major modernization and dismantling program began in 1955, and by 1963 one-third of the 330- 

acre plant lay vacant. In 1961, under an industrial development program adopted by Humble Oil & 

Refining Company (an afliliated company of Standard Oil) in cooperation with the City of 

Bayome, numerous tracts of the plant property were sold to various industries for immediate 

construction (Humble Oil & Refining Company 196 1). 

The downsizing of plant operations continued throughout the 1960s until 197 1, when all 

plant refining and man-g operations ceased, with the exception of the Exxon Chemicals 

Plant Area. Between 1974 and 1984, the area to the south of the Bayome Plant was developed 

&her by the petrochemical industry. By this time, the reclaimed area north of the General Tank 

Field was overgrown with vegetation. By 1989, the Bayonne Plant and its environs on Constable 

Hook resembled its present-day configuration. 

In 1991, when the ACO was executed, Exxon owned 288 acres on Constable Hook, as 

depicted on Figure 1-2. On April 1, 1993, Exxon sold most of the property to W, with the 

exception of the Lube Oil Area, the Pier No. 1 Area, and the Stockpile Area. Exxon still operates 

and maintains the Lube Oil Area as a lube oil and wax products storage, blending, and packaging 

terminal. The majority of the Bayome Plant presently serves as a petroleum products storage 

terminal. The Asphalt Plant presently stores various grades of asphalt in aboveground storage 

tanks (ASTs). The Chemicals Plant area was formerly used by Exxon Chemical Americas to 

manufacture lube oil additives. 

2.2 CHRONOLOGY OF PREVIOUS ENVIRONMENTALLY RELATED 
INVESTIGATIONS 

Previous environmental investigations or pertinent environmental activities (including 

IRMs) at the Bayome Plant for which documented data are available are described below. IRM 

activities at the Bayonne Plant are associated with NAPL, chromium, and the sewer system. The 

locations of NAPL IRM areas at the Bayonne Plant are shown on Figure 2-1. Historical 
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monitoring wells and recovery wells that currently exist at the Bayonne Plant are shown on Figure 

2-2. 

In 1958, Hydrotechnic Corporation Engineers conducted a hydrogeologic investigation 

of the Bayonne Plant (Hydrotechnic Corporation Engineers, Inc. 1958). The 

hydrogeologic study involved a review of the stratigraphy and hydrogeology 

underlying the Site, based on available well records in the Bayonne area. The purpose 

of the study was to explore the potential to develop freshwater resources for refinery 

usage and the feasibiity of disposing acid waste by underground injection. There is no 

indication that this activity was ever conducted at the Bayonne Plant. The geologic 

descriptions and stratigraphic data provided in this 1958 report were used by Geraghty 

& Miller to support the development of a preliminary conceptual model of Site 

geologic conditions. 

In 1974, Leggette, Brashears & Graham, Inc. conducted a groundwater monitoring 

program at the Bayonne Plant to evaluate shallow hydrocarbon contamination 
Y 

(L,eggette, Brashears & Graham, Inc. 1974a,b,c). Monitoring wells were installed 

along the Lehigh Valley Railroad right-of-way and near the piers. NAPL thickness and 

water-level data fiom these wells were used by Geraghty & Miller in this report to 

supplement more recent NAPL IRM data in assessing areas of the Site that contain 

floating NAPL. 

Dames & Moore conducted a hydrogeologic investigation of the Bayonne Terminal 

and Chemical Plant in 1979 (Dames & Moore 1979). The study included a description 

of the regional and local hydrogeology based on geotechnical soil boring drilled in the 

1950s, and a prelirmnary assessment of the potential to obtain permits for the oiVwater 

separators at the East and West Side Treatment Plants. The data provided in this 

report were used to support the development of a preliminary conceptual model of Site 

hydrogeologic conditions. 
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From the late 1970s to approximately 1989, Roy F. Weston, Inc. (Weston) conducted 

a subswfkce oi) recovery program at the Bayonne Plant (Roy F. Weston, Inc. 1980; 

198 la,b; 1985; 1986a,b,c; and 1989a,b,c,d,e). Monitoring wells were installed in the 

Pier No. 1 Area near the helipad (formerly known as the Pier No. 3 Area), Pier 6 and 

Pier 7 Areas, "A"-HiU Tank Field, and Low S u b  Tank Field. During this period, 

Weston initiated NAPL recovery programs in the pier areas and in the Low Sulfiu 

Tank Field. NAPL thickness data collected by Weston were used by Geraghty & Miller 

in this report to help evaluate areas of the Bayonne Plant that contain floating NAPL. 

In 1985, Malcolm Pirnie, Inc. conducted a Potential Hazardous Waste Site Preliminary 

Assessment of the Bayonne Plant on behalf of the USEPA (Malcolm Pimie, Inc. 1985). 

Background information in this document regarding site conditions and historical 

operations were used by Geraghty & Miller in the development of the Site History 

Report and the RI Work Plan (Geraghty & Miller, Inc. 1994b, 1993a). 

Sandaq, Inc., P.C. conducted a toxic substance investigation of the sewer system at the 

Bayonne Plant in 1986 (Sandaq, Inc., P.C. 1986). The sewer investigation involved a 

review and sampling of the sewer systems in nine areas of the plant. The results of the 

investigation concluded that certain areas of the plant had significant concentrations of 

organic compounds in the sewer system, and that steps should be taken to reduce 

organic loading to the sewers. The locations and analytical data for the sewer system 

were evaluated by Geraghty & Miller in the design and development of the scope for 

the Phase IA RI. 

In 1988, CH2M Hill, Inc. prepared a site water budget for the Bayonne Plant (CH2M 

Hill, Inc. 1988). Information regarding input and output wastewater and storm-water 

streams were incorporated by Geraghty & Miller into the Site History Report 

(Geraghty & Miller, Inc. 1994b). 
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2-5 

In 1990, the NJDEP conducted a site inspection of the Bayonne PIant and collected 

surface soil samples for chromium analysis (NJDEP 1990). In conjunction with the 

NJDEP study, Exxon conducted its own soil sampling and analytical program for 

chromium in January 1990. Chromium analytical data for soils were used in the 

development of the Site History Report (Geraghty & Miller, Inc. 1994b) and in the 

development of the scope for the RI Work Plan (Geraghty & Miller, Inc. 1993a). 

In April 1991, Environmental Resource Management, Inc. collected soil 

samples throughout the Site for total and hexavalent chromium analysis (Dan Raviv 

Associates, Inc. 1992). The soil quality data fiom this study were incorporated into the 

Site History Report (Gaaghty & Miller, Inc. 1994b). 

In 1992, ICF Kaiser Engineers, Inc., on behalf of Pittsburgh Plate and Glass Industries, 

Inc. (PPG), drilled soil brings in the General Tank Field and the No. 3 Tank Field 

areas (PPG Industries, Inc. 1992). Surface and subsurface soil samples collected fiom 

these soil brings were analyzed for chromium. The analytical results for chromium 

derived fiom this investigation were incorporated into the Site History Report 

(Geraghty & Miller, Inc. 1994b). 

NAPL IRM investigations, many of which are ongoing, have been conducted by DRAI 

and Geraghty & Miller. During the period fiom early 1994 through June 1995, DRAI 

conducted NAPL IRM investigations in the Platty Kill Canal Area, Helipad Area, Pier 

No. 6 Area, Pier No. 7 Area, and the Interceptor Trench (Dan Raviv Associates, Inc. 

1994a,b; 1995a,b,c,d). Floating NAPL has historically been obsewed in all five of 

these areas, and NAPL containmentlrecovery systems are currently in operation in the 

Platty Kill Canal Area, the Pier No. 7 Area, and the Interceptor Trench area. NAPL 

containment/recovery systems are planned for the Helipad and Pier No. 6 Areas. Data 

collected during the NAPL IRM investigations typically included information regarding 

bulkhead construction, NAPL and water-level thickness data, pumping test data, 

NAPL recovery data, NAPL fingerprint data, and tidal fluctuation data Similar data 
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were also obtained during NAPL IRM investigations in the Low Suhr  and Solvent 

Tank Fields (also referred to as the "Tank 1066" area) conducted by DRAI in 1992 and 

1993 @an Raviv Associates, Inc. 1993b). A vacuum enhanced recovery (VER) 

recovery system for NAPL containment and recovery is currently being designed by 

Geraghty & Miller for implementation in the Tank 1066 area (Geraghty & Miller, Inc. 

1995b). Concurrent with the Phase IA RI, a NAPL IRM investigation was also 

conducted by Geraghty & Miller during the period from October 1994 through January 

1995 at the General Tank Field, No. 3 Tank Field, Exxon Chemicals Plant (Utilities 

Area), and Lube Oil Area (Geraghty & Miller, Inc. 1995a). Data generated during this 

investigation included observations of hydrocahons in soil, and NAPL and water-level 

data fiom temporary well points and permanent monitoring wells. Quarterly NAPL 

and water-level monitoring was conducted during a 1-year period from 1994 to 1995 

as part of the "A"-Hill Tank Field NAPL IRM (Geraghty & Miller, Inc. 1995~). 

Generally, data fiom the above NAPL IRM investigations were incorporated in this 

Phase IA RI report, as appropriate, to supplement Phase IA RI data regarding the 

nature and extent of floating NAPL and dissolved phase plumes. 

In 1993, ICF Kaiser Engineers, Inc. conducted a site-wide IRM investigation at the 

Bayonne Plant to address chromium contamination (ICF Kaiser Engineers, Inc. 1993, 

1994). The investigation involved the collection of soil, air, and wipe samples for total 

and hexavalent chromium analysis, as weU as a site inspection. 

IT Corporation has recently completed mapping, sewer cleaning, inspection, and 

videotaping of the sewer system at the Bayonne Plant (IT Corporation 1993; Exxon 

Company, U.S.A 1995). The hdings fiom the sewer integrity evaluations will be 

considered in conjunction with Phase IA RI findings as discussed in Section 1.4 

(Consideration of Remedial Investigation and Interim Remedial Measure Findings) of 

this report. 
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3.0 TECHNICAL OVERVIEW - INVESTIGATION METHODOLOGY 

This section discusses the field investigation methods used during the Phase LA RI. S@c 

details of the field p r d u r e s  and protocols are discussed in the Field Sampling Plan (FSP) 

(Appendix A of the RI Work Plan [Gaaghty & Miller, Inc. 1993a1). The organizational structure 

of the data collection activities was discussed in the Quality Assurance Project Plan (QAPP) 

(Appendiix B of the RI Work Plan [Geraghty & Miller, Inc. 1993a1) and specific health and safety 

procedures are documented in the Health and Safety Plan (HASP) (Appendiix C of the RI Work 

Plan [Geraghty & Miller, Inc. 1993a1). Generally, the methods employed in the field were either 

consistent with, or identical to, methods that are descnied in the NJDEP's Field Sampling 

Procedures Manual (NJDEPE 1992a). The Phase IB RI Work Plan will address the need to 

collect additional data throughout the Site to Mfill the intent of the Technical Requirements. Phase 

LA soil boring, monitoring well, and surface-water measurement point locations are presented on 

Figure 3-1. A summary of the number of soil and groundwater samples analyzed during the Phase 

LA RI is provided in Table 3-1. 

3.1 SAMPLE DESIGNATION 

Each sample dec ted  during the Phase LA RI was given a unique designation that was 

documented in the field logs. The sample designation describes the following elements: 

The operational area code (representing each operational or miscellaneous area). 

Thematrixcode. 

The location number. 

The sample interval depth (for soil borings and drivepoints). 

The operational area code is a prefix for each sample designation and is used to iden* the 

part of the plant &om which a given sample was collected or intended to evaluate. 
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. - A summary of operational area prefix codes is provided in Table 3-2. An operational area 

code was not designated for the Low Sulfur Tank Field because no soil boring or monitoring 

wells were drilled in this area as part of the Phase IA RI. In some areas (e.g., the No. 3 Tank 

Field), more than one prefix was used in order to distinguish between RI and IRM soil boring. 

Some exceptions to this pr& scheme occurred for a variety of reasons. These exceptions are 

included in Table 3-2. 

Matrix codes are as follows: 

Groundwater Monitoring Wells (GMMW) 

Soil Boring (SB) 

Drive Point (DP) 

Because the sample identification is an important descriptive tool examples are provided 

below to facilitate understanding of the various sample designations. 

For the locations where soil boring were completed as monitoring wells, the monitoring 

well designation was used. Deep and intermediate monitoring wells were designated with the D 

and I sufExes, respectively. 

Groundwater: GMMWlO (denotes a sample collected from Monitoring Well GMMW10, 

also designated as soil boring GTFSB6, a soil boring located in the General Tank Field 

Area). 

Groundwater: GMMW23D (denotes a sample collected fiom the Deep Monitoring Well 

GMMW23D installed at the boring APSB-7 drilled in the Asphalt Plant Area to study the 

stratigraphy). 
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For soil boring samples, the last sample number reflects the bottom depth of the 2-foot 

long sample interval in the test boring. Soil brings drilled as part of the investigatory IRM study 

were distinguished by adding "IRM" to the boring location. 

RI Soil Boring: AHTFSB01-02 (denotes the split-spoon sample collected in the interval 

fiom land surfice to a depth of 2 feet fiom RI Soil Boring SBI in the "A"- Hill Tank 

Field). 

IRM Soil Boring: GTFIRMB06-08 (denotes the spilt-spoon sample collected in the 

interval fiom 6 feet to a depth of 8 feet fiom investigatory IRM Soil Boring SB6 in the 

General Tank Field) 

Examples of drivepoint sample designations are as follows: 

hivepoint: N~TFSBWDP~O (denotes a drivepoint groundwater sample taken fiom the 

borehole of Soil Boring SB4 in the No. 3 Tank Field at the bottom depth of 10 feet). 
ly 

Blind field replicate samples were given fictitious numbers, which were recorded in the fle 

notes and project file. 

Trip blank and field equipment blank samples were labeled as TB and FB, respectively, 

followed by a number and the date of shipment to the laboratory for trip blanks and date of concern 

for field blanks. 

Trip Blank: TI3102594 (denotes a trip blank sample prepared on October 25, 1994 for 

samples being shipped on the same day). 

Field Blank: FBA110294 (denotes an aqueous field equipment blank prepared for aqueous 

samples wllected on November 2,1994). 

* 
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Field Blank: FBNA02-100694 (denotes aqueous field blank Number 2, prepared for non- 

aqueous samples collected on October 6, 1994). 

3.2 ANALYTICAL SOIL BORING AND DRIVEPOINT PROGRAM 

As part of the Phase IA RI, 84 shallow soil boring were drilled at the Site fiom October 

1994 through January 1995. Soil samples were collected for laboratory analysis i?om each of the 

Phase IA soil borings. At 69 of these Phase IA RI locations, the boreholes were grouted after the 

completion of soil sampling and the removal of a drivepoint or temporary well point (see Section 

3.2.4 [Drivepoint Installation and Sampling] and Section 3 -3.1 [Floating NAPL Delineation]). At 

the 15 remaining borehole locations, a groundwater monitoring well was completed accord'ig to 

NJDEP specifications. An additional 32 investigatory IRM soil borings were drilled at locations 

along the boundaries of the General Tank Field, No. 3 Tank Field, Exxon Chemical Plant (Utilities 

Area), and Lube Oil IRM study areas. Soil samples were collected for laboratory analyses at 14 of 

these 32 investigatory IRM Borings. Two of these 14 IRM soil borings were completed as shallow 

monitoring wells. Shallow soil boring locations were selected to investigate subsurface conditions 

near historical spills, former process areas, former oiVwater separators, sewer and septic systems, 

and various potential areas of contarninzition (e.g., tanks, loadiig/unloading racks, drum storage 

areas), and to provide broad areal coverage of the Site. The rationale for Phase IA soil boring 

locations is outlined in Table 3-3 and presented in fbrther detail in the Memorandum Modification 

(Geraghty & Miller, Inc. 1994a). Table 3-4 documents instances in which a planned boring or well 

was relocated because of specific site conditions. Location descriptions and the rationale for 

relocation of Phase IA monitoring wells and soil borings are presented in Table 3-4. The final 

locations of Phase IA soil borings, monitoring wells, and surface-water measurement points are 

shown on Figure 3-1. 

All shallow soil borings were drilled using 4%-inch inside diameter (ID) hollow-stem 

augers. A center bit (4-inch diameter tricone roller bit or equivalent) attached to AW-rods was 

used to prevent cuttings fiom entering the augers. Split-barrel core (split-spoon) samples were 

collected continuously through the auger flights prior to advancing the augers and the drill bit 
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> assembly. Typically, a 24-inch long and 3-inch diameter, split-barrel core sampler was advanced 

into the formation by dropping a conventional 300-pound (lb) hammer fiom a height of 30 inches 

onto the sampling assembly. Occasionally, a 24-inch long by 2-inch diameter split-spoon core 

sampler was advanced with a 140-Ib hammer where soil sampling was not conducted (e.g., 

investigatory IRM soil brings). Decontamination procedures for all sampling equipment and 

drilling equipment are presented in the FSP (Appendix A of the RI Work Plan [Geraghty & Miller, 

Inc. 1993al). 

Shallow soil brings were advanced into the formation until the water table was 

encountered. When water-table conditions were not easily identified (e.g., because a perched zone 

was present or saturated deposits were not encountered), soil brings were advanced to greater 

depths than originally planned. Except for stratigraphic soil borings, no soil borings were extended 

below a depth of 20 feet below land surface (bls). When hydrocarbon material was observed in soil 

samples, soil brings were advanced past the water table to a depth at which hydrocarbon was no 

longer present (without drilling through a confining soil unit). F i  shallow soil boring depths 

ranged fiom approximately 12.5 to 18 feet bls. 

Four of the six stratigraphic soil borings proposed in the Memorandum Modiijcation 

(Geraghty & Miller, Inc. 1994a) were drilled at various locations throughout the Site (Figure 3-1). 

The purpose of the stratigraphic soil borings was to provide additional subsurface data to 

conceptualize site stratigraphy. Soil samples collected fiom stratigraphic borings were used to 

evaluate lithology, but were not submitted to the laboratory for analysis. Two of the proposed 

locations were not drilled during Phase IA because fiuther information was not required (NJDEP 

1994a). At three of the four stratigraphic soil boring locations, an intermediate and deep 

monitoring well cluster was installed (Figure 3-1). At the fourth stratigraphic soil boring location, 

a deep monitoring well was installed. The methods and procedures employed in the drilling of 

stratigraphic soil brings and the installation of intermediate and deep monitoring wells are 

described in Section 3.5 (Stratigraphic Borings). 
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3.2.1 Soil Sam~le Criteria 

Split-spoon samples were collected continuously to the total depth of each boring for 

lithologic logging and screening with a flame ionization detector (FJD). Two split-spoon samples 

were then collected at each borehole location for laboratory analysis. The two samples designated 

for laboratory analysis were selected based on criteria established in the RI Work Plan (Geraghty & 

Miller, Inc. 1993a) and the Memorandum Modification (Geraghty & Miller, Inc. 1994a) that 

incorporated visual evidence, FID headspace readiigs, detemimtion of hydrocarbon presence, and 

QAIQC. The analyses conducted for Phase IA soil and groundwater are summarized in Table 3-1. 

Analytical parameters for surface and subsurface soil samples are also depicted on Figures 3-2 and 

3-3. 

Soil for potential volatile organic compound (VOC) analyses was collected fiom every 2- 

foot vertical interval immediately after the split-spoon sampler fiom a given 2-foot interval was 

opened. Soils fiom all of the intervals in the boring were then compared for FID headspace and the 

visual presence of hydrocarbon. Based on this comparison, two intervals were selected and 

sdlicient additional soil was collected fiom these intervals for analysis of total petroleum 

hydrocarbons WH), semivolatile organic compounds (SVOCs), pesticidedpolychlo~inated 

biphenyls (PCBs), target analyte list (TAL) inorganic parameters, and hexavalent chromium. 

Detailed soil-collection procedures are discussed below. 

Once retrieved fiom the borehole, the split-spoon sampling device was placed on clean 

plastic sheeting covering a sturdy wooden table. On opening the split-spoon sampler, the field 

personnel used an FID andlor photoionization detector @ID) to screen the recovered soil in 

approximately &inch intervals within the 24-inch split-spoon sampler. The 6-inch soil interval that 

exhibited the highest FIDPID readiigs within the sampler was immediately placed in a laboratory- 

provided vial for potential laboratory analysis for VOCs. If elevated FID/PID readiigs were not 

observed within the 2-foot interval, a potential VOC sample was taken fiom a &inch interval at the 

center of the split-spoon sampler. In addition to FID screening, the entire contents of the split- 

spoon sampler were d e s c r i i  for lithology, using the Unified Soil Classification System, and 

g~j jc f tLxx0nbjO212.041W3~3.doc 

GERAGHTY 8 MILLER, INC. 



measured with a ruler to determine sample recovery. Database-generated samplhre logs are 

presented in Appendi B. When recording the lithology of each split-spoon sample, the field 

hydrogeologist included a description of any hydrocarbons in the soil based on the visual 

appearance of the sample (see Section 3.2.3 [Hydrocarbon Identification in Soil 1). A small amount 

of soil fiom the same 6-inch interval where VOC samples were collected was placed in a plastic 

Ziplock bag for headspace screening with an FID or PID. The split-spoon sampling device was 

then closed, and its ends were covered with small plastic bags and sealed with rubber bands. The 

split-spoon sampler was stored in a sturdy, covered, wooden rack with slots marked with the 

sample depth. After all of the split-spoon samplers had been recovered, sampled, and stored as 

d e m i  above, headspace readings for each 2-foot interval were taken using the procedures 

outlined in the FSP (Appendi A of the RI Work Plan [Geraghty & Miller, Inc. 1993a1). 

Usiing the headspace readings and the sample descriptions, the field hydrogeologist applied 

the following criteria to select the two laboratory sample intervals fiom each boring and assigned 

the boring a criteria number based on the following observations and sampling selection protocol: 

0 Indicient recovery fiom sample intervals throughout the boring sample 

intervals are predetermined (i.e., QAIQC replicate) other deviation fiom criteria 

(e.g., unknown materials, anomalous color change). 

1 No visual evidence of hydrocarbons. No FID readings. Collect 0- to 2-foot 

interval and the interval located directly above the water table. 

2 No visual evidence of hydrocarbons. FID readings. Collect samples fiom the 

interval with the highest FID reading and interval with next highest FID reading. If 

possible, sampling intervals should be 2 feet apart. 

3 Hydrocarbons visually present but in less than 75 percent of total boring depth. 

Collect one sample fiom the zone containing hydrocarbons and the second sample 

fiom the interval with the highest FID readings. If possible, the soil collection 
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inteivals should be separated by several feet for broader vertical characterization of 

soil quality. 

4 Hydrocarbons visually present in greater than 75 percent of total boring depth. 

Collect samples fiom the shallowest and deepest intervals containing hydrocarbons. 

After the two sample intervals selected for laboratory analysis had been determined, the 

split-spoon samplers for those intervals were re-opened, homogenized in stainless-steel bowls, and 

transferred to laboratory-supplied containers. The samples previously dec ted  fiom the two 

selected intervals for VOC analysis were retained, and the other samples previously dec ted  fiom 

the boring for VOC analysis were properly disposed. 

3.2.2 Soil Samde Analytical Selection Criteria 

The two soil samples selected fiom each borehole (see Section 3.2.1 [Soil Sample 

Criteria]) were analyzed for TPH and hexavalent chromium. In instances where a borehole was 

terminated at depths of less than 5 feet because of shallow groundwater conditions or subsurface 

interference, only one sample was analyzed. Soil samples selected for TPH and hexavalent 

chromium analysis were also considered for potential analysis of the following: 

Target compound list (TCL) VOCs plus hexane, methyl tertiary butyl -ether (M"IBE), 

1,2dibromoethane, tertiary butyl alcohol (TBA), N-butyl alcohol, seobutyl alcohol, N- 

propyl benzene, and isopropyl alcohol. 

TCLSVOCs. 

a TCL pesticideslPCBs. 

TAL inorganic compounds plus cyanide. 
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The initial goal of the Phase IA field program was to analyze approximately 25 percent of 

those samples being analyzed for TPH and chromium for this expanded list of constituents. After 

the analytical results of TPH in soil for a given sample group (e.g., those samples collected in a 

day) were received, a "secondary request for analysis" was made. The laboratory was instructed to 

further ana lp  selected samples that had been containerized and refrigerated for an expanded list 

of parameters. The samples selected for secondary analysis were chosen based on the following 

criteria: 

Bias was given to those soil samples with relatively high TPH results in'a given area. 

Samples were selected for broad areal distribution across the Site and within each 

operational area. 

Samples were selected to represent the vertical profile of the vadose zone, but were 

biased toward the 0 to 2-foot interval because of the surface-exposure potential. Where 

the 0 to 2-foot interval fiom a soil boring was selected for laboratory analyses based on 
ly 

the soil sample criteria (Section 3.2.1), the analyses were predesignated for the 

expanded parameter list. 

Other predetermined locations were analyzed for the expanded list of constituents 

based on site history and operations information as discussed in the Site History Report 

and Memorandum Modification (Geraghty & Miller, Inc. 1994b, 1994a) or for QA/QC 

purposes. 

3.2.3 Hydrocarbon Identification in Soil 

Determining the visual presence of hydrocarbon in split-spoon soil samples was an 

important part of the Phase IA soil boring program because of its significance to the Site soil 

characterization and because the presence or absence of hydrocarbon was used to govern the 

selection of soil samples for laboratory analysis. When recordiing the lithology in each split-spoon 
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sample, the field hydrogeologist included a description of any hydrocarbons in the soil based on the 

visual appearance of the sample. The following detemktion regarding the presence of 

hydrocarbon was made and documented on the sample eventtcriteria forms provided in 

Appendix C. 

Y Yes, hydrocarbon appears to be present in the soil as "visually observed" and 

confirmed with the FID andlor odor. 

N No, hydrocarbon is not present in the soil. There are no visual or instrument 

indications of h y d r d o n .  

T Trace, there is either an extremely small amount of hydrocarbon present (e.g., only 

1 inch of tar-like residual or droplets over the length of a 10-foot boring) or 

hydrocarbon is suspected because of the presence of a sheen, but generally not 

over a vertical interval greater than 2 inches. 

High total VOC readings fiom the initial screening of the soil with an FID was considered 

an indicator of the possible presence of hydrocarbons. In addition to visual and field instrument 

screening of the soil, several field methods were used to determine the presence of hydrocarbon. 

Typically, a small amount of soil fiom the split-spoon sampler was placed on the plastic-covered 

sample table, squirted with a small amount of distilled water, and observed for the presence of a 

sheen on the surface of the water. Occasionally, a small amount of soil was placed in a Ziplock 

bag with su£6cient water added to saturate the soil. The bag was sealed and agitated, then opened 

to check for the presence of a sheen on the su* of the water. 

3.2.4 Drivepoint Installation and Sampling 

Where no hydrocarbons or only trace hydrocarbons were observed in soil samples fiom a 

boring, a temporary drivepoint was installed to collect a groundwater sample fiom this location. 

Thirteen groundwater samples were collected fiom drivepoints or temporary well points at soil 
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boring lm'ons during Phase IA of the RI. These samples were analyzed in the laboratory for 
I 

TCL VOCs (and eight additional site-speci£ic VOCs). 

Drivepoints consisted of a 3-foot long and 2Y~inch diameter, continuously wound, 

stainless-steel screen with 0.020-inch (20-slot) openings and a conical point to f d t a t e  

advancement into the formation. Five-foot long, galvanized steel riser sections were threaded to 

the drivepoint screen to construct the desired length. The drivepoint technique used during the 

Phase IA RI was a modification of one of the methods outlined in the NJDEP "Alternative 

Groundwater Sampling Techniques GuideH dated July 1994 (NJDEP 1994b). The drivepoints and 

riser sections were decontaminated according to the procedures outlined in the RI Work Plan 

(Geraghty & Miller, Inc. 1993a) and stored in clean plastic until use. 

Continuous split-spoon sampling was conducted at each soil boring. At the first clear 

indications of water-table conditions (i.e., the fully water-saturated split-spoon sampler), the 

drivepoint was inserted through the auger flights to a depth of approximately 2 feet below the 

water-table depth. In some cases, the drivepoint was pushed to the desired depth using the 

hydraulic drill head. In most cases, a split-spoon sampler was advanced below the water table to 

c o h  water-table conditions and lithology, and the drivepoint was lowered into the hole made by 

the final split-spoon sampler. 

Prior to being sampled, the drivepoint was purged of either three volumes of standing 

water (ifit recharged) or one volume of standing water (until complete evacuation) using a clean 

Teflon bailer to promote collection of a representative groundwater sample. A 40-milliliter (mL) 

sample of groundwater was collected for laboratory analysis of the TCL VOCs from the drivepoint 

consistent with the procedures outlined in the Memorandum Medication (Geraghty & Miller, Inc. 

1994a). 

Based on the geology and water-table conditions encountered at specific boring locations, 

a few exceptions to the guidelines for the depth of drivepoint installation and purging were made. 

At some locations, perched groundwater existed at shallow depths. Where perched water was 
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suspected in a boring, split-spoon sampling continued until 3 to 4 feet of saturated soil were 

encountered, indicating true water-table conditions. In other instances, marginally confined 

conditions caused the water level inside the augers and drivepoint to rise above the top of the 

drivepoint screen; in this situation, samples did not represent the water-table surface. In still other 

locations, particularly in clayey soils, the soil did not yield sufficient water for sampling. In these 

instances, the drivepoints were left in the borehole for as long as 24 hours to allow groundwater to 

enter the screen. Drivepoints were always removed within 48 hours. In extremely low 

perrneabii deposits that did not recharge the drivepoint, the drivepoints were not purged before 

sampling, and the auger flights were entirely removed to allow water fiom the entire depth of the 

borehole to enter the drivepoint. 

3 3  HYDROCARBON DELINEATION - TEMPORARY WELL POINT PROGRAM 
AND HYDROMETER TESTING 

Hydrocarbon in soil was observed in accordance with the procedures outlined in Section 

3.2.3 (Hydrocarbon Identification in Soil). Evidence of petroleum hydrocarbons was observed in 

94 of the 116 soil borings (i.e., 84 RI soil b o ~ g s  and 32 investigatory IRM b o ~ g s )  drilled. 

Delineation of floating NAPL in the subsurfsce involved the use of temporary well points. 

Temporary well points were installed in 77 of the 94 soil brings in which petroleum hydrocarbons 

were observed in soil. To characterize the physical characteristics of floating NAPL and to apply 

an appropriate cornection factor to site groundwater elevation data, NAPL observed in temporary 

well points and monitoring wells was subjected to hydrometer testing. The methodologies and 

procedures employed in implementing the temporary well point program and hydrometer testing 

are desc r i i  below. 

33.1 Floating NAPL Delineation 

Determining the presence or absence of floating NAPL was an important part of Phase IA, 

this determhation was accomplished by installing temporary well points. These temporary well 

points were installed at locations where hydrocarbon appeared to be present in soils based on a 
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"yesn determination, as specified in Section 3.2.3 (Hydrocarbon Identification in Soil). The well 
I 

points were used to evaluate if the hydrocarbon was fiee to migrate into a well screen or if it was 

bound to the soils and would not migrate. If the hydrocarbon observed in the subwfhx 

environment was saturated enough to migrate into a temporary well point or well screen, then it 

was defined as floating NAPL. Floating NAPL was typically described as a sheen or as a 

measurable thickness on the water table.  on-saturated bound hydrocarbons were typically 

described as droplets within soil interstices, as thick tar-like material, or as unique or unknown 

materials. 

When the field hydrogeologist determined that hydrocabon was visually present in the soil 

samples fiom the boring as c o h e d  with an FID (a "yes" determination), a temporary 2-inch 

diameter polyvinyl chloride (PVC), stainless-steel, or galvanized steel well screen (continuously 

wound, 20 slot) was placed in the open borehole to monitor the presence and/or thickness of 

floating NAPL on the water table. The well screen was inserted to the total depth of the boring 

and the auger nights were removed. The temporary well point was left in place undisturbed for a 

maximum period of approximately 2 weeks, during which time the water surface was measured 

using an electronic oil-water interface probe at 2- to 4-day intervals for floating NAPL. IfNAPL 

was consistently measured in a well point within several days of its installation and a determination 

was made that the thickness of NAPL was not likely to change over time, the well point was often 

removed. If the oil-water interface probe indicated that NAPL was present, a visual inspection of 

the water surface and the water at the bottom of the well screen was made by lowering a bailer and 

retrieving a sample. 

Well permits were obtained fiom the NJDEP Bureau of Water Allocation for temporary 

well points that were left in place for more than 48 hours. Soil boring that did not exhibii 

petroleum hydrocarbons in soil andlor did not reveal floating NAPL in a temporary well point were 

abandoned in accordance with the procedures outlined in the NJDEP Field Sampling Procedures 

Manual (NJDEPE 1992a). These temporary well points were removed and the boreholes were 

grouted to the wke. Well abandonment forms for these temporary well points will be filed with 

the NJDEP Bureau of Water Allocation. 
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33.2 Hvdrometer Testing 

Hydrometer testing was performed in the field on NAPL samples fiom tempomy well 

points and monitoring wells during Phase IA of the RI. The purpose of hydrometer testing was to 

evaluate the physical characteristics of floating NAPL, where present, and to determine the 

appropriate correction fktors to apply to groundwater elevation data in generating a site-wide 

groundwater contour map. Specific gravity analyses were performed on NAPL samples fiom nine 

temporary well points (including RI and IRM well points), five Phase IA monitoring wells, and 35 

existing monitoring wells at the Bayonne Plant. Hydrometer testing was conducted on NAPL 

samples fiom selected RI and historical -wells concurrent with the collection of NAPL and water- 

level measurements on December 12, 1 994. 

Where a sufficient amount of NAPL was obsewed in either a temporary well point or a 

monitoring well, a sample of floating NAPL was collected using a disposable bailer. The NAPL 

was transferred in the field to a graduated cylinder, into which a hydrometer was placed. NAPL 

specific density was then read diectly from the assembly. 

3.4 SHALLOW MONITORING WELL INSTALLATION 

As part of the Phase IA RI, 15 shallow monitoring wells were installed at the Site fiom 

October 1994 through January 1995. Five additional shallow monitoring wells installed in the 

General Tank Field, No. 3 Tank Field, Exxon Chemical Plant (Utilities Area), and Lube Oil 

investigatory IRM study areas were also utilized as part of the Phase IA RI for soil andlor 

groundwater sample collection. Monitoring well locations were selected to provide broad areal 

coverage to evaluate groundwater flow conditions and to investigate soil and groundwater quality 

near potential locations of contamination (e.g., spills, former process areas, former oiVwater 

separators, septic systems, load'ing~unloading racks). The rationale for Phase IA monitoring well 

locations in each investigative unit is presented in Table 3-3. Final monitoring well locations are 

shown on Figure 3-1. 
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Monitoring wells were constructed using 4-inch diameter, flush-joint, internally threaded, 

schedule 40 PVC well screen and riser. The PVC well screens were made of continuous wire 

wound screen (Johnson V-Wire) with a 0.020-inch slot size (20 slot). A No. 0 Morie Sand was 

placed approximate@ 0.5 to 3 feet below the bottom of the screen to approximately 1 to 2 feet 

above the top of the screen in all wells. A 0.5 to 2.5-fbot thick bentonite seal was ernplaced by 

tremie pipe above the sand pack, and a cement grout sluny was emplaced by tremie pipe above the 

bentonite seal extending to land suhce. Typically, wells were completed with the PVC riser 2 feet 

above grade, with a PVC slip cty, or expanding gasket cap, and a locking, 6 518-inch diameter, 

protective steel casing that was set and grouted down to 2 feet below land surface. In high trattic 

areas, monitoring wells were completed at grade and filled with a flushmount cast iron manhole 

cover. A vent hole was drilled in the PVC riser to maintain atmospheric pressure in the well and 

prevent potential pressure and suction fiom interfering with water-level fluctuations. Monitoring 

wells were &ed with a permanent identscation marker, including the well permit number, in 

accordance with NJDEP requirements. 

ly 

Shallow monitoring well soil brings were completed according to the same procedures 

described in Section 3.2 (Analytical Soil Boring and Drivepoint Program), except that these soil 

brings were drilled with 6 518-inch augers instead of 4 %-inch augers. 

Phase IA shallow monitoring well screens were set to straddle the water table, except 

where marginally confining conditions were encountered. Generally, the top of the well screen was 

set 2 to 5 feet above the depth at which water-table conditions were encountered in split-spoon soil 

samples. The bottom of the well screen varied in depth depending on the thickness of the 

stratigraphic unit in which the water table was encountered. Often, a judgment was made between 

constructing a well with sufficient screen length to yield water for efficient groundwater sampling 

and constructing a well discretely screened across only one lithologic type resulting in one unique 

hydraulic gradient. Shallow well screens ranged in length fiom 10 to 13 feet. Upon completion of 

all Phase IA monitoring wells, a datum marked at the top of the well casing was surveyed by 

Taylor, Weissrnan & Taylor of Dayton, New Jersey, a New Jersey-licensed land surveyor. Table 
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3-5 provides a summary of construction details for all monitoring wells installed during the Phase 

IA RI, and Appendix D contains the well construction logs and the Form B-NJDEP Location 

Certification Forms. 

3.5 STRATIGRAPEttC BORINGS 

To characteriix and evaluate the vertical extent of the stratigraphy and the hydrogeologic 

conditions underlying the Site, a series of stratigraphic soil brings were drilled throughout the 

Bayome Plant. Sfnhgraphic brings were drilled in the Pier No. 1 Area, Lube Oil Area, Asphalt 

Plant, and Piers and East Side Treatment Plant A t  At three of the four stratigraphic boring 

locations, an intermediate and deep overburden monitoring well cluster was installed. The fourth 

stratigraphic soil bring was converted into a deep overburden monitoring well. The locations of 

the stratigraphic brings and the intermediate and deep monitoring wells are shown on Figure 3-1. 

3.5.1 Intermediate and D e e ~  Wen Installation 

The intermediate wells were installed by casing off the upper shallow zone by drilling with 

a hydraulic (mud) rotary method and installing an upper steel casing; a lower PVC casing and 

screen were then installed through this upper steel casing. Wells were designed in this manner to 

permanently seal off any potential upper soil or groundwater contamination fiom lower water- 

bearing strata. Monitoring well construction details for the intermediate and deep wells are 

included in Table 3-5. 

Spectfically, the methodology used to install the intermediate wells during Phase IA of the 

RI was as follows: 

A 12-inch diameter borehole was drilled by the hydraulic (water or water plus pure 

bentonite) rotary method and advanced at least 2 feet into the meadow-mat layer. 
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An &inch diameter steel casing, with a PVC cap on the bottom, was inserted into the 

12-inch diameter borehole. The 12-inch diameter borehole was grouted in place by 

first filling half of the borehole with cement by the tremie pipe method and then sinking 

the casing, which was sealed at the bottom with a PVC cap, into the grout. This 

method is called displacement grouting and it was also used to install the deep wells. 

The casing was held down with the drill rig for a minimum of 12 hours. 

The PVC plug was penetrated, and split-spoon samples were collected through the 8- 

inch casing ahead of the 7 7/s-inch drilling bit; these soil samples were evaluated to 

select the screen setting of the well within the water-bearing zone. 

A Cinch diameter PVC casing and screen were installed in the 7 ?/&inch diameter 

borehole and constructed in a fishion similar to the shallow monitoring wells. 

AU of the deep overburden monitoring wells were similarly installed using hydraulic mud 

rotary methods. Deep monitoring wells were installed with a double-cased borehole to prevent 

cross-contamination of water-bearing units andor to permanently seal off shallow soil 

contamination that was observed in the vadose zone. The following is a description of the well 

installation method used for these wells: 

A 16-inch diameter borehole was drilled at least 2 feet into the local confining unit 

(either the meadow-mat layer andor the glacial till unit). 

A 12-inch diameter steel casing (with PVC cap) was inserted into the 16-inch diameter 

borehole and grouted in place by usiig a displacement grouting technique. 

The casing and grout were allowed to set for at least 12 hours. 

The PVC cap was penetrated and split-spoon samplers were advanced and telescoped 

through the 12-inch diameter casing to the next encountered confining unit. 
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An 11 7/&inch diameter borehole was drilled by hydraulic rotary method and was 

telescoped through the 12-inch diameter steel casing at least 2 feet into the next 

encountered confining unit (alluvial clay layer or glacial till). 

An 8-inch diameter steel casing (with PVC cap) was inserted into the 12-inch diameter 

borehole, grouted in place, and allowed to set for 12 hours. 

The PVC cap was penetrated and split-spoon samplers were advanced and telescoped 

through the 8-inch diameter casing to the borehole. 

A 7 718-inch diameter borehole was drilled by hydraulic rotary method and was 

telescoped through the 8-inch diameter steel casing to bedrock. 

A clean, 7 %-inch diameter, temporary casing (with diamond but hollow tip) was 

drilled approximately 0.5 foot into the top ofthe bedrock to create a watertight seal. 

The casings were flushed clear with potable water. 

Bedrock coring equipment was advanced and cores were obtained in 5-foot lifts using 

the standard, Diamond Core Drill Manufacturer Association (DCDMA) specifications 

for the "G"-group core barrels and NX-sued, flush-coupled casing and diamond bits. 

Bedrock coring was completed into competent rock (i.e., rock that was not 

significantly weathered) to a depth of 10 feet. 

The borehole was grouted to the approximate top of bedrock elevation. 
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A 4-inch diameter PVC casing and well screen were installed in the &inch diameter 

borehole and constructed in a manner similar to the shallow monitoring wells. 

3.5.2 Bedrock Coring 

Bedrock coring was conducted at stratigraphic boring locations that were ultimately 

converted into deep monitoring wells. The bedrock cores have been retained by Exxon and are 

stored at the Bayonne Plant. Bedrock coring was conducted using the field methods descri'bed in 

the preceding section. During the 5-foot coring runs, the following information was recorded: 

depth of run, penetration, run duration (per foot), penetration rate, and down pressure (in pounds 

per square inch [psi]). After completion of the coring run, the core barrel was brought to the 

surface and analyzed by a Gemghty & Miller geologist. The following information was recorded: 

recovery, percent recovery, rock quality designation (RQD), lithology, fiacture fiequency, fracture 

fit, fiactwe spacing, orientation of fhctures, degree of weathering, and any odors or discoloration 

observed in the rock core. Bedrock core logs are provided in Appendix E. 

3.6 SYNOPTIC WATER-LEVEL MEASUREMENTS 

On December 12, 1994, synoptic water-level measurements were obtained at the 22 

monitoring wells installed during Phase IA (including five investigatory IRM monitoring wells), at 

157 existing and historical IRM monitoring wells and recovery wells, and at seven surface-water 

measuring points. Water-level measurements were collected fiom 171 shallow monitoring wells, 

seven intermediate monitoring wells, and one deep monitoring wells. Each well was measured at 

low tide (approximately 10: 18 a.m.) and at high tide (at approximately 16: 15 p.m.) on this date. 

Measurements were made using either an electronic interface probe, or a weighted steel tape and 

indicator chalk, according to the measurement and decontamination procedures outlined in the RI 

Work Plan (Geraghty & Miller, Inc. 1993a). The water-level data were used to determine 

groundwater flow directions and the general presence and degree of influence of the tidal 

fluctuations in the Kill Van Kull and Upper New York Bay on groundwater levels across the Site. 

S u b w a t e r  elevations were also obtained relatiwe to seven surface-water measuring points 
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established at fixed structures (i.e., points on piers and bulkheads) and existing staff gauges (i.e., 

PVC casing markers in the Platty Kill Canal) (Figure 3-1). Interpretation of the measurement data 

and Site groundwater flow is presented in Section 4.6.2.1 (Shallow Groundwater Flow). 

3.7 GROUNDWATER SAMPLING 

From January 23 to 27, 1994, groundwater samples were collected fiom 21 Phase IA 

monitoring wells and ten historical and existing IRM monitoring wells. Phase IA monitoring wells 

sampled included 14 shallow Phase IA monitoring wells, three intermediate monitoring wells, and 

four deep monitoring wells. Groundwater samples were not collected 6om six shallow monitoring 

wells (which includes five IRM monitoring wells) due to the presence of floating NAPL, as 

detected with an electronic owwater interface probe or a steel tape and indicator paste, and 

confirmed with a bailer. Whenever possible, three volumes of the standing water in a well were 

purged prior to sampling, and no sampling was performed unless the total water column (at least 

one volume) was replaced by groundwater directly 6om the formation. Groundwater samples were 

not collected fiom new wells until at least 2 weeks after well development. Each well was purged 

using a centrifugal pump or a stainless-steel submersible pump, and dedicated tubing. All 

equipment used to purge the wells was documented on the water sampling logs, which are 

provided in Appendix F. 

The temperature, pH, conductivity, dissolved oxygen 00) content, and redox potential 

(eH) of the groundwater were generally measured during the purging of every well volume. 

Samples were collected within 2 hours after the well was evacuated. Low-yielding wells were 

evacuated to dryness and allowed to recover prior to sampling. All purge water was containerized 

in 55-gallon drums; then properly disposed into the on-site sewers or into a storage tank and 

transported for disposal at the on-site wastewater treatment plant. 

Samples were dec t ed  using decontaminated, dedicated, bottom-loading Teflon bailers 

and Tefloncoated stainless-steel leaders (3 to 6 feet in length). In general, wells were sampled in 

the ascending order of contamination, with the least contaminated well being sampled first. 
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Samples were car* poured into laboratory-supplied containers, avoiding agitation or 

turbulence that can result in the loss of VOCs andlor excessive oxygenation of the samples. 

Sample bottles were filled in the following order: VOCs, SVOCs, TPH, PCBsfpesticides, 

total metals, dissolved metals, phenols, cyanide, sulfate and chloride, preserved inorganics, and 

non-presewed inorganics. Samples were shipped to the laboratory, CompuChem Environmental 

Corporation Laboratory of Raleigh, North Carolina (CompuChem), at the end of every day of the 

sampling event. Samples for analysis of dissolved gases (i.e., oxygen, nitrogen dioxide, methane, 

carbon dioxide, and carbon monoxide) were collected fiom monitoring wells using a peristaltic 

pump and W e m e d  directly into zero-headspace sample containers. Samples for analyses of 

dissolved gases were shipped to Microseeps Laboratories of Pittsburgh, Pennsylvania 

(Microseeps). The chain-ofastody forms are provided in Appendix C with the sampldevent 

criteria forms. 

As required by the NJDEP, temperature, pH, specific conductance, DO, and eH 

measurements were also made at the time of sampling (after the VOC sample was taken) because 

these properties rna;change during storage. These field parameters were measured in s i i  using a 

HydroLab multiparameter downhole instrument. Field parameter readings were obtained at 2-foot 

depth intervals throughout the water column in each monitoring well. These data were recorded 

on the water sampling logs, which are presented in Appendix F. Field instrument types are outlined 

in the RI Work Plan (Geraghty & Miller, Inc. 1993a). Instruments were calibrated at the beginning 

of the day and checked periodically during the day. 

To monitor the effectiveness of decontamination procedures, field blanks were collected 

during groundwater sampling. At the field location, analyte-fiee water was poured through the 

clean sample equipment and into sample containers for analysis. Field blanks were preserved in the 

same manner as other samples. Trip blanks were used to monitor possible VOC contamination of 

water samples during handling and transport. Blind duplicate samples were collected at a 

frequency of one for every 20 samples collected. 
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Groundwater samples were collected for analysis of both dissolved (filtered) and total 

(unfiltered) metals during the Phase IA field activities. Samples collected for dissolved metals 

analysis were filtered on-site prior to sample preservation. A glass flask and filter apparatus was 

used and precleaned with a 10 percent nitric acid (HNa) solution, followed by a 

distilled/deionized water rinse. A dedicated, cellulose-based, 0.45-micrometer (um) membrane 

filter was used to fitter samples. Field blanks for dissolved metals were collected by pouring 

laboratory-provided, deionized/distilled water through the entire filtering apparatus. 

3.8 AMBIENT AIR MONITORING 

The ambient air monitoring program was conducted to determine the appropriate level of 

protection for workers performing Rl tasks. Appendix B, Section E.5(a) of the ACO required the 

characterization of baseline ambient air quality conditions throughout the Bayome Plant and the 

identification of Rl activities that may adversely impact ambient air quality. 

Ambient air monitoring was conducted at the Site during all tasks and was implemented 

using appropriate field methods and instrumentation (PID or FID), as discussed in the FSP and 

HASP, Appendix A and Appendix C, respectively, of the RI Work Plan (Geraghty & Miller, Inc. 

1993a). Characterization of baseline conditions and the development of a field screening program 

was accomplished by (1) wellhead monitoring and soil sample emissions analyses, and (2) air 

monitoring as outlined in the HASP. The results of the ambient air monitoring are summarized and 

presented in a table in Appendix G. 

3.8.1 Flame Ionization and Photoionization Detectional Eaui~ment 

During intrusive RI activities, one of the following instruments were used to determine 

levels of personal protective equipment (PPE): a Foxboro OVA-128 FID, a ~oxboro TVA-1000 

FID/PID combination meter, or an HNU PID. To define appropriate levels of PPE, d i g s  

upwind of the work zone were monitored to determine background air quality. If action levels 

were exceeded within the work zone, intrusive work was stopped and workers were instructed to 
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move upwind of the work zone to let the area vent. If r e a d i i  remained above the action levels, 

appropriate upgrades in PPE were made and work was continued. Approximately 95 percent of 

the RI investigative activities were conducted in Level D health and safety protection. The 

remaining 5 percent (work in the No. 3 Tank Field and Chemical Plant Areas), was conducted in 

Level C. 

3.8.2 DraeeerISensvdine Tubes 

If air monitoring readings were obtained (by the methods described in Section 3.8.1 [Flame 

Ionization and Photoionization Detectional Equipment]) above the action levels (as specified in the 

HASP), Draeger tube tests were conducted to determine the concentrations of benzene. If action 

levels for benzene were exceeded within the work zone, intrusive work was stopped and workers 

were instructed to move upwind of the work zone to let the area vent. If readings remained above 

the action levels, appropriate upgrades in PPE were made and work was continued. 

3.83 Dust Monitoring 

Historical use of chromium slag as till material at various parts of the site necessitated the 

use of a random air monitor (RAM) for continuous measurement of dust (potentially chromium) 

within the work zone. The RAM was used to monitor for ambient particulate matter smaller than 

10 microns (urn). If action levels were exceeded within the work zone, dust was suppressed by 

using a water spray before work was resumed. Data were collected and stored in the RAM during ' 

the day and downloaded into a hard copy printout at the end of each work day. 

3.9 QUALITY ASSURANCEfQUALITY CONTROL 

During the Phase IA RI of the Bayonne Plant, 1 16 soil brings, including 32 IRM brings, 

were drilled; and 20 shallow monitoring wells, including five investigatory IRM wells, were 

installed. One hundred and eighty-one soil samples, 13 groundwater samples fiom drivepoints, and 

31 groundwater samples fiom monitoring wells were collected and shipped to CompuChem for 
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analysis. A summary of the number of analyses conducted for Phase IA soil and groundwater 

samples is provided in Table 3-1. Figures 3-2 and 3-3 present the scope of the analyses performed 

on soil samples collected fiom the various soil boring and monitoring well locations. 

All of the soil samples collected were analyzed for TPH by New Jersey-modified USEPA 

Method 418.1 and for hexavalent chromium by New Jersey-modified USEPA Method 

3060A17196. In addition, over 55 percent of the soil samples were analyzed for TCL VOCs and 

eight additional site-specific VOCs, TCL SVOCs, TCL pesticide4 PCBs, and TAL metals and 

cyanide. These analyses were performed according to the USEPA Contract Laboratory Program 

(CLP) methodology for organics and inorganics (USEPA 1991a, 1991b). Throughout this report, 

reference to the TCYrAL plus rnisdaneous parameters will include the parameters listed in the 

tables cited in Section 5.0 (Phase IA Findings). Analytical results for soil are provided on diskette 

in Appendix H. 

Where NAPL was not detected in a drivepoint or temporary well point, a groundwater 

sample was collected. Of the 84 Phase IA RI soil borings drilled, 48 exhibited NAPL thicknesses 

of at least 0.0 1 foot or greater. A temporary drivepoint was installed in 13 of the remaining 36 soil 

borings where NAPL was not detected in a temporary well point. Groundwater samples were 

collected fiom the 13 drivepoints and analyzed for VOCs. Thirty-one monitoring wells were 

sampled and analyzed for TCL VOCs (and eight additional site-specific TCL VOCs), TCL 

SVOCs, TCL pesticides/PCBs, TAL metals (dissolved) plus total cyanide, hexavalent chromium, 

total iron and manganese, and TPH. The samples fiom these 31 wells were also analyzed for the 

following wet chemistry parameters: chemical oxygen demand (COD), biological oxygen demand 

(BOD), total organic carbon (TOC), ammonia, chloride, nitrate, sulfate, sulfide, total dissolved 

solids (TDS), phosphate, and akahiq,  and for the following dissolved gases: methane, carbon 

monoxide, carbon dioxide, nitrogen dioxide, and dissolved oxygen. Approximately 15 percent of 

the monitoring wells were analyzed for both total and dissolved TAL constituents. The TCLlTAL 

analytes were analyzed according to the USEPA CLP methodology (USEPA 199 1 a, 199 1 b). The 

remaining remedial parameters and the gases were analyzed by various standard USEPA methods 
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not regulated under CLP (see Section 5.3.2 [Groundwater Sampling Laboratory Analytical 

Results]). Analytical results for groundwater are provided on diskette in Appendix I. 

Validation of 20 percent of the data based on the NJDEP guidelines (NJDEP 1991,1992b, 

and 1992c) and a data usabiity assessment based on 100 percent of the data were performed in 

accordance with a letter dated October 12, 1994 fiom Ms. Susan Chapnick of Gradient 

Corporation to Ms. Linda Caramichael and Mr. James Bover of Exxon. Twenty percent of the 

Phase IA RI laboratory analytical data were selected for validation in accordance with NJDEP 

guidance (Boyer 1994), based on the following: (1) focusiig on results indicating relatively low to 

moderate contaminant levels; (2) validating the sample results fiom all of the representative 

matrices (soil, sediment, and groundwater); (3) providing validation fiom a representative set of 

sample results fiom all operational areas; and (4) reducing data validation time by evaluating 

samples fiom the same sample delivery group (SDG), when feasible. The results of the field 

QAIQC are discussed in Sections 5.1.1 (Summary of Field QNQC for Soil Samples) and 5.3.1 

(Summary of Field QNQC for Groundwater Samples). A summary of the data usability 

assessment is provided in Appendix J. 

3.9.1 Soil Quality QA/OC 

Field QAIQC samples included field blanks, blind field replicates, and matrix spike and 

matrix spike duplicates (MS/MSDs). The frequency of collection and associated analytical 

parameters are described below. 

3.9.1.1 Field Blanks 

Field blanks were dec t ed  at a rate of 10 percent of the total number of samples to 

evaluate potential cross-contamination during sampling and also to check the laboratory-prepared 

analytefiee water. Figures 3-2 and 3-3 present the scope of the laboratory analyses performed on 

soil samples collected fiom various locations at various depths, and Table 3-1 presents the total 

number of analyses conducted. A total of 18 field blanks was collected during the soil boring 
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progmq all of them were analyzed for TPH and hexavalent chromium, except for four of the field 

blanks, which were not analyzed for hexavalent chromium because the hexavalent chromium 

analyses were suspended for 2 weeks (fiom October 5 to October 18, 1994) to give the laboratory 

d c i e n t  time to implement modifications to Method 3060A17196. In addition, nine of the field 

blanks were analyzed for the TCUTAL parameters. 

3.9.1.2 Blind Field Replicates 

Blind field replicate samples were collected at a rate of one for every 20 soil samples to 

evaluate the reproducibfity of the sampling technique. A total of nine replicates was collected 

during the soil boring program. All of: them were analyzed for TPH and hexavalent chromium, 

except for one of the replicates, which was not analyzed for hexavalent chromium because the 

hexavalent chromium analyses were suspended for 2 weeks (see Section 3.9.1.1 [Field Blanks]). In 

addition, six of the replicates were also analyzed for the TCIJTAL parameters. 

3.9.1.3 Matrix Spike and Matrix Spike Duplicates 

MSMSD samples were collected at a rate of one for every 20 soil samples to determine 

the precision (i.e., reproduciiity) and the accuracy (i.e., the true analytical result) of the data. 

During the soil boring program, 12 MS/MSD samples were collected and analyzed for TPH. In 

addition, ten of the MSMSD samples were also analyzed for the TCmAL parameters as well as 

hexavalent chromium. 

3.9.2 Groundwater Qualitv QA/QC 

As previously discussed, groundwater samples were collected during. the soil boring 

program using drivepoints and temporary well points. A total of 13 drivepoints or temporary well 

points was installed for collection of groundwater samples and laboratory analyses for VOCs. 
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Two field blanks were collected with the drivepoint samples. Five trip blanks were 
I 

analyzed for VOCs only on days that the drivepoints were shipped to the laboratory for analyses. 

Two blind field replicates were collected and analyzed for VOCs. Two MSJMSD samples were 

dected at a frequency of one per 2-week period that drivepoint samples were collected. 

Thirty-one monitoring wells that did not contain floating NAPL were sampled for TCL 

VOCs (and eight additional site-spdc VOCs), SVOCs, pesticidesPCBs, TAL dissolved metals 

plus cyanide, TPH, hexavalent chromium, dissohed gases, and wet chemistry parameters. Five of 

these wells were sampled for both total and dissolved metals to meet the requirements specified in 

the draft "Field Verification Procedures and Analysis Plan," prepared in conjunction with RI 

activities at the Bayway Rehery (Geraghty & Miller, Inc. 1993b). 

Five field blanks and trip blanks were collected, one for each day of groundwater sampling. 

Two blind field replicates were collected to meet the requirement of one for every 20 samples. 

Two MS/MSD samples were dec ted  to meet the requirement of one for every 20 samples. 

3.9.3 Technical ~ a k  Usabilitv Assessment 

A technical data usabiiity assessment was performed by Gradient Corporation on 100 

percent of the TCLSTAL, and hexavalent and total chromium analytical data. The primaq 

objective of the data usability assessment was to quantifjr, where applicable, the uncertainty in 

the data so that the end user was aware of the potential biases, false-negatives, and false- 

positives in the analytical data. The data usability was performed in accordance with the 

criteria defined in the NJDEP Data Validation Statement of Procedures (SOP) (NJDEP 1991, 

1992b, and 1992c), National Functional Guidelines for Evaluating Organic and Inorganic 

Analytes (USEPA 1992a), Guidance for Data Usability in Risk Assessment (USEPA 1993), 

USEPA CLP Statement of Works for Organics and Inorganics Analyses (USEPA 1991% 

1991b), and Gradient Corporation's professional judgment. Qualifiers were applied to the 

data during the data usabiiity assessment to flag these uncertainties. Data rejected (qualified 

"R") are unusable because the level of uncertainty in the value is unacceptable as a basis for 
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project decisions. Overall, 1.2 percent of the soil data, 0.8 percent of the aqueous data, and 

5.8 percent of the aqueous dissolved metals data were rejected. 

Overall the data quality objectives (DQOs) for completeness as defined in the QAPP 

were achieved and the data reported were of good quality. A detailed summary of the data 

usability assessment is provided in Appendix J. 

3.10 DATA EVALUATION METHODS 

In the absence of site-s@c, risk-based criteria, analytical data for soil and groundwater 

samples collected during the Phase IA RI have been evaluated on a preliminary basis by comparing 

the concentrations to the NJDEP cleanup criteria, guidelines, and standards for these media The 

following sections discuss the purpose and application of these criteria. 

3.10.1 NJDEP Soil Cleanup Criteria 

Analytical data collected for soils have been compared to the most recently developed "Soil 

Cleanup Criteria," published and distributed by the NJDEP on February 3, 1994. These criteria 

were derived fiom Tables 3-1 and 7-1 and the accompanying text of the Proposed New Rule, New 

Jersey Administrative Code (NJAC) 7:26D published in the New Jersey Register on February 3, 

1992. These criteria are included in the appropriate analytical data tables in this report to fkditate 

comparison. 

3.10.1.1 Non-Residential Direct Contact Soil Cleanup Criteria 

The NJDEP has developed surface soil cleanup criteria based on assumptions of long-term 

contact between a human receptor and the contaminated soils. Separate criteria have been 

established for residential and non-residential settings. S u b  soil cleanup criteria were 

established to reduce the risks associated with chronic ingestion andlor inhalation of relatively small 

amounts of soil. Because the Site is located in an industrial zone, is used for industrial operations 
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and its use is limited by a deed restriction, the Non-Residential Direct-Contact Soil Cleanup 
I 

Criteria (non-residential criteria) are more applicable for screening the soil results. However, for 

c h a r a c t ~ o n  purposes, detected analyte concentrations are also compared to the Residential 

Direct-Contact Soil Cleanup Criteria (residential criteria). 

3.10.1.2 Impact to Groundwater Soil Cleanup Criteria 

Subsurface Impact to Groundwater Soil Cleanup Criteria were developed by the NJDEP to 

protect groundwater quality in areas where groundwater is an actual or potential potable drinking 

water source. These criteria are based on assumptions regardiig the rate at which contaminants 

will potentially leach to groundwater. For example, the criteria established for VOCs are based on 

a model that predicts the percentage of contaminants that may leach to groundwater over a 70-year 

period, while criteria developed for SVOCs were developed using a ranking system that considered 

solubility, biodegradabii, and toxicity. 

Addiional criteria established by the NJDEP and used in this Phase W RI Report to 

evaluate soil conditions at the Bayonne Plant included the 10,000 parts per million (ppm) guidance 

for total organic contamination, which includes TPH, and the 1,000-ppm guidance for total VOC 

contamination. Analytical TPH data were also compared to the criterion of 30,000 ppm for 

defining New Jersey hazardous waste when soil is excavated. 

3.10.2 Total and Hexavalent Chromium Cleanu~ Criteria 

For the purposes of conducting the chromium IRM investigation at the Bayonne Plant and 

of establishing which areas of the plant require IRMs, a site-specific action level of 500 ppm for 

total chromium in soil was established in discussions between Exxon, NJDEP, and ICF Kaiser 

Engineers, Inc. (ICF Kaiser Engineers, Inc. 1993). The NJDEP has published suggested soil 

cleanup criteria for chromium (NJDEP 1995a). A residential soil cleanup criterion of 78,000 ppm 

is suggested for trivalent chromium and the NJDEP recommends that trivalent chromium not be 

regulated in a non-residential situation. The NJDEP-suggested values, based on human health 
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inhalation exposure, for hexavalent chromium are: 130 pprn for residential use and 190 pprn for 
1 

non-residential settings. Other suggested guidance values for hexavalent chromium are 10 pprn 

based on dermal exposure risk and 15 pprn for protection of groundwater. 

Because the h a l  levels upon which decisions regarding chromium will be based are not 

established, comparative criteria for total and hexavalent chromium in soils were established for use 

in this report. The criteria established for this report encompass all but the highest NJDEP 

suggested guidance values. A comparative criterion of 10,000 pprn was used for total chromium. 

Comparative values of 100 pprn and 10 pprn were used to evaluate hexavalent chromium 

concentrations in soil. 

3.103 NJDEP Groundwater Qualitv Standards 

In January 1993, the NJDEP promulgated the Groundwater Quality Standards (NJAC 

7:9-6), which classified groundwaters of the state based on their potential for use for drinking 

water supply and their abiity to support sensitive ecosystems. These regulations established 

numerical standards for the groundwater classification that pertains to most of the state. 

Laboratory analytical data fbr groundwater samples collected ftom the shallow intermediate and 

deep overburden were evaluated by comparing concentrations to the NJDEP groundwater quality 

standards. However, groundwater on portions of the Site may be amenable to reclass%cation 

based on high natural concentrations of iron and manganese, which render it unusable for drinking 

water. 
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4. PHYSICAL SElTING 

This section provides a general description of the site-wide physical setting and prevailing 

hydrogeologic conditions at the Bayome Plant. It includes a description of topography and 

drainage, land use, climate, soils and vegetation, geology, and hydrogeology. 

4.1 TOPOGRAPHY AND DRAINAGE 

The Bayome Plant is bcated in the podon of Bayome known as Constable Hook, which 

can be desc r i i  as a spit or peninsula protruding into Upper New York Bay (Figure 1-1). The 

topography in the Constable Hook area is gentle, with elevations ranging from 0 to about 25 feet 

above mean sea level (msl). Most of the Site is at an elevation of 10 to 15 feet above msl, with the 

exception of the shoreline, which has lower elevations, and the tops of the berms surrounding the 

tank fields, which have higher elevations. 

Under natural, undisturbed conditions, diect runoff fiom the Site would drain diectly into 

Upper New York Bay or the Platty Kill Canal and Kill Van KuU Waterway. However, under 

current conditions at the Site, precipitation in the tank field areas does not run off directly because 

of the spill containment berms. Most of the Site is graded to diect runoff into the sewer system, 

which flows to the East Side Treatment Plant, treated water ultimately being discharged near the 

confluence of the Kill Van KuU and Upper New York Bay (Figure 3-1) under New Jersey 

Pollutant Discharge Elimination System WJPDES)-Discharge to Surfsce Water @SW) Permit 

No. NJOOO2089. Only precipitation falling at the extreme perimeter of the Site (e.g., the 

undeveloped area immediately east of the General Tank Field), adjacent to the waterfi-ont (riparian 

land), runs off diectly into the adjacent waterways. 

4.2 LAND USE 

The Bayome Plant is located in Hudson County, a 46-square mile urbanized area in 

northeastern New Jersey. The population density in Hudson County, as of the 1990 census, was 

11,920 people per mile (Hudson County Department of Planning and Economic Development 
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1992). It is geographically the smallest and the most densely populated county in New Jersey. The 
r 

general area surrounding the Site consists of heavy and light industry, interconnected by a 

transportation network of roadways, railroads, and the navigable waters of the Kill Van K d  and 

Upper New York Bay. Neighboring industries include petroleum and petrochemical companies, 

warehouses, distniution facilities, and various manufacturing operations. The closest non- 

industrial (commercial or residential) establishments are approximately 0.4 mile to the south across 

the Kill Van Kull Waterway in Staten Island, New York, and about 0.65 mile to the west along 

22nd Street in Bayonne. 

4.3 CLIMATE 

Although greatly modified by the Atlantic Ocean, the climate of Hudson County is hurnid- 

continental. The climate is dominated by continental influences because air masses and weather 

systems a f f i g  Hudson County have their origin principally over the land areas of North 

America. A maritime influence is also significant. Characteristics of the climate such as an 

extended period of fieezefiee temperatures, a reduced range in both diurnal and annual 

temperature, and heavy precipitation in winter relative to that in summer are a result of the county's 

maritime exposure. 

Periods of extreme cold are of short duration in most years. The average annual d a l l  in 

the area is about 42 inches, as measured at Newark International Airport (National Oceanic 

Atmospheric Administration [NOAA] 1991). The average annual temperature is 53.4 degrees 

Fahrenheit (OF). The highest average monthly temperature occurs in July (76.8"F) and the lowest 

average monthly temperature occurs in January (3 1.3"F) (NOAA 1991). The predominant wind 

direction on a regional scale is fiom the west-southwest; however, localized flow patterns (eddies) 

do exist. 
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4.4 SOILS AND VEGETATION 

Because of the extensive urbanization in Hudson County, no recently published information 

de~cn'b'mg the soils in the area is available. A study conducted by researchers at Rutgers University 

(Lueder et al. 1952) describes the soil at the Site as reclaimed because of the extensive amount of 

filing that took place on Constable Hook to bring it to its present configuration. Historic aerial 

photographs confirm that a siwcant portion of the Site has been filled and reclaimed fiom Upper 

New York Bay and the Kill Van Kull Waterway. The extent of filling in the northern portion of 

Constable Hook can be observed on aerial photogrqhs and historical maps dating back to 1940. 

However, much of the filling along the southern portion of the hook predates available aerial 

photographs. The nature of the fill varies across the Site and is described in more detail in Section 

4.5.1 (Regional Geology). 

The Site is sparsely vegetated due to the extensive industrial setting. Vegetation is limited 

to grasses and low-lying shrubs (native and ornamental), with occasional ornamental hardwood 

trees planted near the main budding. More natural vegetation exists on the Site in limited 

undeveloped pocketsridjacent to Upper New York Bay (e.g., the area to the east of the General 

Tank Field). 

4.5 REGIONAL AND SITE GEOLOGY 

This section provides a description of the regional and site-specific geology. Interpretation 

of the regional geology is based on information provided in regional or county-wide studies 

conducted by the USGS or other researchers as referenced below. Local geologic information has 

been interpreted by reviewing hundreds of logs of historical borings drilled across the Site for 

geotechnical purposes (e.g., foundation analysis for tanks and buildings) or monitoring and 

recovery well installation. The majority of the historical soil borings were drilled at the Site in the 

1950s and 1960s. Historical borings and wells depicted on Figure 2-2 have been extensively 

evaluated by Geraghty & Miller, and the corresponding lithologic information has been put into a 

geographic information system (GIs) database. Mbrmation fiom 512 soil borings, 40 monitoring 
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wells, and ten recovery wells was compiied and is currently in the GIs database. In addition, 
i 

lithologic information fiom soil borings and monitoring wells, installed in 1993 and 1994 as part of 

the ongoing NAPL IRM investigations, has been compiled. 

The Site is located in the glaciated portion of the Piedmont physiographic province, which 

is underlain by mostly late Triassioage rocks. The Piedmont is characterized in New Jersey by a 

long and narrow hlt-blocked basin bordered on the west by uplifted fault-blocked mountains. The 

eastern border of the Piedmont lies near Bayonne and Staten Island (Schuberth 1968) and has been 

mapped by the Geological Survey of New York (1970) as running directly through Constable 

Hook. The Triassioage rocks of the Piedmont include the sedimentary rocks of the Newark Basin 

Super group and intruded units of diabase and interbedded flows of basalt. The Triassic rocks 

comprise a sequence that attains a thickness on the order of 22,000 feet and dips generally 

northwestward; the sequence is locally faulted and folded. From northwest to southeast, or 

youngest to oldest, the sedimentary rocks include the Brunswick Formation, the Lockatong 

Formation, and the Stockton Formation (McGuinness 1963). More recent studies provide a more 

detailed stratigraphic sequence nomenclature within the Newark Basin Super Group. The 

Stockton Formation rests on the folded and extensively eroded metamorphic rock complex of the 

New York City Group. The sedimentary basin deposits are interlayered with extensive basaltic 

intrusive and extrusive rocks. 

The Brunswick Formation has been reclassified as the Brunswick Group and is comprised 

of several sedimentary and volcanic formations (Olsen et al. 1989). The Passaic Formation (within 
\ 

the Brunswick Group) is the most abundantly exposed unit of the Newark Basin Super Group. It 

consists mostly of red shale, but includes sandstone beds that are thicker and more numerous in the 

northeastern part of the Newark Basin. The Lockatong Formation consists mostly of dark shales 

and argillites, but may include some thin-bedded sandstone or conglomerate. The Stockton 

Formation is mostly an arkosic sandstone and conglomerate. 
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The igneous deposits consist of either extrusive lava flows of the Watchung Basalt that are 

interbedded with the sedimentary rocks of the Newark Super Group, or the intrusive diabase of the 

Palisades, which forms a ridge of massive bedrock with a dark gray, mottled appearance extending 

fiom Rockland County, New Yo* through Hudson County, New York (west of the Site), and 

ending in Staten Island, New York. Based on regional mapping, the bedrock bordering the eastern 

extent of the Triassic deposits in the vicinity of the Site is either the Manhattan Formation, which 

consists principally of mica schist (Geological Survey of New York 1970) or a post-Ordovician 

serpentinite common to Staten Island (State of New Jersey Department of Conservation and 

Economic Development 1950). Geologic maps depicting bedrock for both New York and New 

Jersey show a geologic contact beneath the overlying unconsolidated deposits at the Site; however, 

the maps d i i  in their interpretation of the formations present. Both interpretations are consistent 

in that they hold that part of Constable Hook is underlain by crystalline metamorphic bedrock. A 

review of the historical boring logs indicate that under most of the Site, glacial till deposits are 

underlain by the Triassic-age (Newark Super Group) Stockton Formation, which is comprised 

primarily of arkosic sandstone and conglomerate. However, drilling activities did c o d m  the 

presence of the Manhattan Formation (Manhattan Schist) beneath the eastern portion of the Site. 

Unconsolidated sediments deposited by glaciers or by glacial meltwater during the 

Pleistocene mantle the bedrock surface in much of the vicinity of Constable Hook. These deposits 

consist of clay, sit, sand, gravel, and boulders. Recent age deposits, primarily marine and near- 

marine sediients composed of sit, clay, and peat (where present), overlie the glacial sediments. 

4.5.2 Site Geolow 

Previous soil investigations by various drilling and geotechnical engineering contractors 

provided hundreds of soil boring logs covering much of the Site. The Site History Report for the 

Bayonne Plant (Geraghty & Miller, Inc. 1994b) presented a summary of these historical borings. 

Based on shallow, intermediate, and deep subsurface borings drilled during this Phase IA RT, the 

geologic characterization of the Site as presented in the Site History Report has been refined. The 

s iHcant  modifications of the Site geologic characterization include the following: (I) a more 
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detailed characterization of the shallow deposits overlying the glacial till deposits, and (2) 

verification of a relatively consistent bedrock surface at approximately 100 feet bls directly overlain 

by a thick continuous layer of pre-glacial or interglacial alluvium (below the glacial till). 

The generalized geology of the Site, ffom the surfice downward, consists of the following 

five main stratigraphic units: (1) fill, (2) marsh depoii, (3) glacial till, (4) alluvium, and (5) 

bedrock. The stratigraphic units are classifled based on the inferred depositional environment and 

the stratigraphic position of these units. Figure 4-1 shows the locations of hydrogeologic cross 

sections that illustrate the subsurface stratigraphy of the Site. Within each stratigraphic unit, 

subunits based on lithologic and hydrogeologic characteristics are also identified; these subunits are 

presented on the cross sections (see Figures 4-2 through 4-5). Abbreviations given in parentheses 

following soil descriptions in this section are designations ffom the United Soil Classification 

System. 

4.5.2.1 Fill 

The fill unit is the uppermost stratigraphic unit, extending across the entire Site. Fill 

material was used to mod@ site elevations, to provide structural support for foundations of tanks 

and other structures, and to reclaim parts of the Kill Van KulI Waterway and Upper New York 

Bay Shoreline. The fill unit varies fiom approximately 3 to 25 feet in thickness, and consists of a 

heterogeneous mixture of cinders, ash, clay, silt, sand, gravel construction debris, and 

miscellaneous slag (F-M). In limited areas such as the coastal Piers and East Side Treatment Plant 

Area, the fill does not contain appreciable quantities of ash, cinders, or fine grained sediments, but 

is composed primarily of sand and gravel (F-SM). These more permeable sandy zones are found 

infrequently across the Site and appear both spatially and vertically discontinuous. 

4.5.2.2 Marsh Deposits 

The marsh deposits comprise a discontinuous, interlayered mixture of fine, medium, and 

coarse granular deposits. The marsh deposits include a thin (less than 1 to 4 feet), organic, fiber- 
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rich silt and clay subunit, referred to as the meadow mat (MM-PT), a more continuous alluvial 

subunit consisting of black organic silt and clay (ALOL), and an organic, sandy clay with abundant 

plant fibers (MM-SP). Along the eastern coastline, a loose, organic silt subunit (AL-OL) extends 

into Upper New York Bay and is interpreted as an esturarine deposit. 

4.5.23 Upper Alluvium 

The upper alluvium is composed of four subunits that form a continuous, permeable unit 

underneath the marsh deposits. The upper subunit (ALSW) is a gray to tan, very fine sand that 

van'es in thickness fiom 0 to 18 feet. The thickest portion of this subunit fills an east-west buried 

stream channel that runs across the northern portion of the Site and has eroded to the underlying 

glacial till unit. The lower three alluvial subunits consist of red-brown, coarse-grained alluvial 

deposits (ALSM, ALSP, ALGP) that become more coarse with depth and are interpreted as 

reworked glacial deposits or glacial outwash. Collectively, the lower three units vary in thickness 

fiom 0 to 19 feet. 

4.5.2.4 Glacial Till 

The glacial till unit generally consists of a densely compacted, red to brown deposit of 

poorly sorted clay, silt, sand, and gravel (GT-GM). Three subunits can be diirentiated based 

upon grain size and permeability characteristics. The upper subunit (GT-SM) is gradational with 

the overlying alluvium and is composed of red, silty sand or poorly sorted sand and clay. A very 

low permeability clayey silt (GT-ML) is interlayered with the more abundant GT-GM sediments 

across the site and usually forms the base of the glacial till unit. At one location, a dense, tan to red 

clay (GT-CH) overlies the other glacial till subunits and may have formed as a ponded lake deposit 

following the last glacial recession. The upper suhce of the glacial till is variable and exhibits up 

to 35 feet of relief across the Site, much of which is due to past stream activity which eroded 

channels into the glacial till s e d i i t s .  The channels were subsequently filled with upper alluvium 

or marsh sediments. The thickness ofthe glacial till unit varies fiom 19 to 71 feet, and the subunits 

form a continuous low permeability zone across the Site. 
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4.5.2.5 Lower Alluvium 

A continuous layer of brown to red-brown, medium to coarse sand (AL-SW) underlies the 

glacial till layer to bedrock. This sediment is approximately 55 to 60 feet thick across the Site and 

was deposited prior to the last glacial advance. 

4.5.2.6 Bedrock 

Prior to this Phase IA RI, inconsistencies in the previously interpreted depth to bedrock on 

the historical soil boring logs were noted in the Site History Report (Geraghty & Miller, Inc. 

1994b). These inconsistencies were attributed to variations in drilling techniques and effheness  

of subsurface penetration. The shallower depths to bedrock were suspected to be incorrect due to 

erroneous interpretation of inferred bedrock fiom drilling refusal at the top of the glacial till. To 

verifL the depth to bedrock, four deep soil borings (Soil Borings PNl SB 1, LOSB 19, APSB7, and 

PESB3) were drilled across the Site during the Phase IA RI. These soil borings were converted 

into deep overburden Monitoring Wells GMW21D, GMW22D, GMW23D, and GMW24D, 

respectively. To confirm the presence of bedrock and to determine the bedrock lithology, bedrock 

core samples were obtained at these four locations. Soil boring logs and core logs are provided in 

Appendix B. 

The deep borings conhned that the shallow bedrock elevations inferred by previous 

workers were incorrect. The four deep brings encountered bedrock at a depth of approximately 

100 to 125 feet bls. The actual depth to bedrock is similar to the deeper depths to bedrock 

reported in some historical brings on-site and at the adjacent IMTI' property (Geraghty & Miller, 

Inc. 1994b). A relatively flat bedrock surface rather than a highly variable bedrock surfice is more 

consistent with the erosion of the bedrock to a common base level during periods of lower sea 

levels. Bedrock recovered fiom the three deep borings on the western portion of the Site (Soil 

Borings GMMW-21D, GMMW-22D, and GMMW-23D) indicate that approximately 2 to 12 feet 
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of weathered red siltstone overlies competent red sandstone. This sandstone is interpreted as the 

Stockton Formation of the Newark Basin Super Group. 

The bedrock recovered fiom deep Soil Boring GMMW-24D indicates that the eastern 

edge of the Bayonne Plant is underlain by bedrock composed of gray mica schist. This mica schist 

bedrock is interpreted as the Manhattan Formation of the New York City Group. This 

interpretation is consistent with regional mapping by the New York State Geological Survey 

(Geological Survey of New York 1970). A weathered rock horizon was not encountered; only 

competent mica schist bedrock was encountered in deep boring GMMW-24D. An unconformable 

contact between the Stockton and Manhattan Formations apparently underlies the Site. 

4.6 EYDROGEOLOGY 

This section provides a description of the regional and the site-specific hydrogeology. 

The major aquifer systems in the northeast New Jersey metropolitan area include the 

following: (1) glacial till deposits, (2) stratified drift, and (3) Triassic-age shales and sandstones of 

the Newark Basin Super Group. Sedimentary coastal plain aquifer systems, such as the Sayerville 

Sand Member and the Farrington Sand Member, are not present in the vicinity of the Site. The 

glacial till deposits are only permeable in limited areas; in most areas, these deposits do not form a 

significant water-bearing sequence. West of Constable Hook, the City of Bayonne is underlain by 

the intrusive diabase of the Palisades Sill. This diabase bedrock commonly outcrops along the 

northeast-trending ridge underlying Bayonne. East of the diabase ridge, the stratified drift deposits 

and Triassic-age sedimentary rocks that are present underlying Constable Hook are not used as a - 
source of groundwater. 

A November 1992 computer survey of NJDEP Bureau of Water Allocation files, which 

document major groundwater withdrawals (greater than 100,000 gallons per day [gpd], indicates 

g:hproj~\e~\ojO212.041\003~t04.doc 

GERAGHTY 15' MILLER, INC. 



that no major withdrawals occurred within 4.5 miles of the Site (Geraghty & Miller, Inc. 1994b). 

According to Mr. James Monkowski of the City of Bayome Health Department, there are no 

industrial, domestic, or public water supply wells within a 1-mile radius of the Site (h4onkowski 

1994). The USGS (McGuiiess 1963) documented areas in New Jersey (including Bayonne, 

Linden, and Elizabeth) having groundwater quality problems as early as the 1960s. As of 

November 1992, 242 Comprehensive Site List cases were located within a 5-mile radius of the 

Bayonne Plant. In addition, 48 known contaminated sites are listed in the City of Bayonne 

(NJDEP 1994b). Known contaminated sites include Arnerada Hess Terminal, Bayonne City 

Landfill, Bayonne Industries, Bayonne Terminals, Inc., ICI Americas, Inc., McGovern Trucking, 

Powell Duffiyn, PSE&G, and White Chemical. Documented water-quality problems, the 

proximity to the saline near-shore environment, and the low yield of the subsurface deposits 

probably contribute to the lack of water supply development in the vicinity of Bayome. 

4.6.2 Site H y d r o ~ e o l o ~  

As discussed in Section 4.5.2 (Site Geology), six stratigraphic units have been identified at 

the Site. Based on the lithologic descriptions and hydrogeologic characteristics of these 

stratigraphic units, Geraghty & Miller has sorted these units into five hydrogeologic units. Three 

water-bearing units (shallow, intermediate, and deep) are separated by two confkhg layers (an 

upper leaky confining layer and a lower confining layer). 

The uppermost water-bearing unit is the saturated fill deposits. Depth to groundwater 

ranges fiom 3.8 to 10 feet bls beneath the Site. The hydraulic characteristics of the fll are highly 

variable dependiig on the type of fill. However, the relatively thin saturated thickness (averaging 

less than 10 feet) and the variable lateral extent of more permeable fll results in limited 

groundwater withdrawal capacities. Shallow groundwater elevations range fiom 2.5 to 13.5 feet 

above msl. The base of this shallow water-bearing unit is most commonly defined by the upper 

leaky confining layer, which consists of the meadow mat and underlying marsh silt and clay unit. 

This confining layer is nearly continuous, with only a few limited areas that allow for hydraulic 

connection between the saturated fill and the intermediate water-bearing unit, which consists of the 
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- .  marshlaliuvial sand unit that overlies the glacial till. Sigdicant diierences between the 

potentiometric head of the intermediate marshlalluvial sand and the shallow water-bearing fill 

illustrate the effectiveness of the upper confining layer. Vertical hydraulic head data are discussed 

in Section 4.6.2.2 (Vertical Flow Gradients). Occasionally, at a few locations, all of the marsh 

deposits are absent and the fill is directly underlain by the glacial till confining layer. No 

intermediate water-bearing unit is present at these isolated locations. 

The lower confining layer at the Site consists of the glacial till unit. This dense, laterally 

continuous and thick (19 to 71 feet) layer of poorly sorted glacial till effectively isolates the shallow 

and intermediate water-bearing units from the deep water-bearing unit. The deep water-bearing 

unit consists of the alluvial sand unit and, to a lesser extent, the underlying hctured bedrock. 

4.6.2.1 Shallow Groundwater Flow 

Water levels were measured in shallow monitoring wells at the Bayonne Plant on 

December 12, 1994; those data are presented in Table 4-1. On April 17, 1995, water levels were 

measured at all intermediate and deep monitoring wells and at selected shallow monitoring wells, as 

presented in Table 4-2. Water-level measurements confirm the existence of intermediate and deep 

hydrostratigraphic zones in the overburden. Water levels measured in shallow wells during low 

tide on December 12, 1994 were used to construct a contour map showing the configuration of the 

water-table surfke (see Figure 4-6). Figure 4-6 illustrates multiple groundwater flow directions . 

from four general areas of higher groundwater elevations (i.e., recharge areas or groundwater 

mounds) as described below. Shallower groundwater commonly flows in a radial pattern away 

fiom the recharge areas toward Upper New York Bay, the Kill Van Kull Waterway, and the Platty 

Kill Canal. Shallow groundwater elevations along the east and southwest portions of the Site are 

slightly below sea level during low tide, similar to the elevation of the nearby tidal surface-water 

bodies. Horizontal flow gradient calculations are summarized in Table 4-3. 

The first groundwater mound (greater than 15 feet above msl) occurs in the northwest 

portion of the Site. In this area, a groundwater recharge ridge is present beneath the center of the 
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"A"- Hill Tank Field and extends to the east beneath the southwest corner of the No. 2 Tank Field 

(see Figure 4-6). This groundwater divide results in a northeast flow direction beneath the Main 

Building Area, the No. 2 Tank Field, and the eastern portion of the "A"- Hill Tank Field. This 

northeast component of groundwater flow may be induced in part by pumpage of the interceptor 

trench, which is oriented northwest-southeast along the Site boundary. Horizontal gradients for this 

portion of the Site range fiom 0.012 to 0.017 foot per foot (fVft). On the other side of this divide, 

groundwater flows to the southwest under the western portion of the "A"- Hill Tank Field. In the 

center of the Bayonne Plant, near the &on Chemicals Plant Area, groundwater flow is generally 

to the east. 

The second groundwater (hydraulic) mound is present beneath the center of the Lube Oil 

Area, with radial flow to the west, southwest, south, and southeast (see Figure 4-6). Groundwater 

flowing to the west and southwest discharges to the Platty Kill Creek and Pier No. 1 on the Kill 

Van Kull Waterway, with horizontal gradients ranging fiom 0.1 1 to 0.01 6 ft/A. 

In the eastern portion of the Site, the remaining two mounds, which are linear in form, 

straddle a groundwater trough that trends west to east beneath the eastern portion of the Low 

S u l k  Tank Field (see Figure 4-6). The groundwater trough effectively captures all shallow flow 

beneath the Solvent Tank Fields and the Low S f i r  Tank Field, with a very shallow gradient 

toward Upper New York Bay. Horizontal flow gradients are steeper between the mounds and the 

north and south sides of the trough (0.007 M), but become gentler within the trough (0.002 We). 

Shallow groundwater flow beneath the General Tank Field is generally to the north and northeast, 

with a horizontal gradient of approximately 0.010 We. 

The elongated mounds in the water table apparently represent recharge areas for shallow 

groundwater. These recharge areas may be caused by several factors, including the following: (1) 

surface drainage patterns that direct run-off to the recharge areas; (2) more permeable surface 

deposits at the recharge areas that promote infiltration; (3) infiltration of leakage fiom aboveground 

andlor belowground water utilities and fiom sewers; and (4) depression of groundwater elevations 
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in adjacent areas due to high permeabii deposits, including backfll along sewers and utility 

trenches. 

4.63.2 Vertical Flow Gradients 

After the Phase IA RI intermediate and deep monitoring wells were installed and 

developed, two rounds of water-level measurements were made on April 17,1995 fiom these wells 

and nearby shallow wells to provide data to evaluate vertical flow gradients. Table 4-2 presents the 

water levels measured on April 17, 1995. Due to the lateral distance (100 to 200 feet) between the 

nearest shallow well and the intermediate and deep well pairs, estimation of vertical gradients 

between the shallow and deeper water-bearing units was conducted in more qualitative tern .  

General trends can be determined with the existing data by comparing the interpolated shallow 

water levels shown on Figure 4-5 with actual deep and intermediate water levels. At Monitoring 

Well Cluster GMMW-23I/GMMW-23D near the center of the Site, the shallow groundwater 

elevation is approximately 9.5 feet above msl, which is approximately 6.5 feet higher than the 

groundwater elevation measured in Monitoring Well GMMW-231. Therefore, there is the 

potential for a downward component to groundwater flow in this area Comparison of shallow 

groundwater elevations with groundwater elevations in intermediate wells near the shoreline 

indicates that a slightly downward or horizontal potential exists near Monitoring Well GMMW-241 

and a slightly upward potential exists near Monitoring Well GMMW-211. 

Table 4-4 presents a summary of the vertical gradient calculations for intermediate and 

deep well clusters. As indicated in Table 4-4, the vertical gradient is consistently downward 

between the intermediate wells and the deep wells in the each of the three we1 pairs. This 

represents a potential for downward flow; but downward flow from the intermediate to deeper 

zone is impeded by the intervening glacial till confining layer. 
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4.6.23 Tidal Influences 
! 

Table 4-1 presents product and water-level measurements made during two comprehensive 

rounds (during low and high tide) at shallow monitoring wells and surface-water measuring points 

on December 12, 1994. These measurements were made over 8 112 hours and included 

measurements made during a rising tide cycle. Water-level measurements at surface-water 

measuring points indicated tidal variations of 1.05 to 3.48 feet with an average tidal range of 2.65 

feet. The variation of recorded surface-water levels is likely due to differences between the time of 

measurements and the peak tide, and to local variations due to wind, currents, and wakes fi-om 

marine vessels. With the exception of a few shoreline areas, the groundwater elevations in shallow 

monitoring wells did not exhibit significant fluctuations with the tidal cycle. Shallow monitoring 

wells that exhibited a water-level rise of greater than 1 foot during the rising tide cycle on 

December 12, 1994 are located adjacent to the shoreline of the Platty Kill Creek, the Kill Van Kull, 

and the Upper New York Bay. Water-level fluctuations of less than 1 foot (and more frequently 

less than 0.10 foot) were recorded at the majority of the other shallow monitoring wells, including 

all wells in the inland areas of the Site. Thus, the tidal influence on the shallow water table is 

generally limited to areas within approximately 600 to 650 feet of Upper New York Bay (Piers No. 

6 and 7), within 200 to 400 feet of the Kill Van Kull (i.e., Helipad and Pier No. 1 Area), and in the 

immediate vicinity (within 100 to 200 feet) of PIatty Kill Canal. One exception to this 

generalization is the Tank 1066 area where tidal variations were evidenced fhther inland. 

The tidal fluctuations of water levels in the intermediate and deep monitoring wells were 

evaluated using two rounds of water-level measurements made on April 17, 1995 during a fhhg  

tide cycle (see Table 4-2). S i a r  to the shallow wells, intermediate and deep monitoring well 

water-level fluctuations at well pairs near the shoreline (i-e., Monitoring Well Clusters 

GMMW2 1 I/GMMW2 1 D and GMMW24VGMMW24D) exhibited water-level fluctuations of 

2.30 to 4.84 feet that correlated with the tide cycle. The two inland well pairs (i.e., Monitoring 

WeU Clusters GMMW22I/GMMW22D and GMMW23IIGMMW23D) exhibited water-level 

fluctuations of 0.90 foot or less, and typically the groundwater elevations inmeased during the 
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falling tide, demonstrating either no correlation with the tidal cycle or else a possible response, but 

with a time lag. 
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5.0 PHASE IA - FINDINGS 

This section describes the findings of the Phase IA RI program at the Bayonne Plant. 

It presents a summary and discussion of the results of soil and groundwater sampling, 

including a summary of QNQC data evaluation. Observations of hydrocarbons in soil and 

floating NAPL are described in the context of the Phase IA findings and also in terms of site- 

wide NAPL plumes and ongoing NAPL IRM programs. 

This section is not intended to provide a comprehensive assessment of the inter- 

relationships between soil, groundwater, and floating NAPL in operational areas of the 

Bayonne Plant. These relationships are discussed in Section 6.0 (Overview of Constituent and 

Site Properties Mecting Fate and Transport) and Section 7.0 (Data Evaluation, Hypothesis 

Development, and Conclusions). 

5.1 SOIL QUALITY 

Soil samples were collected for analytical purposes at 83 soil boring locations and 15 

separate monitoring well locations during Phase IA of the RI. Of the 98 locations at which 

soil samples were collected, 84 locations were selected specifically for the RI and the 

remaining 14 locations were drilled in connection with contemporaneous IRM study activities. 

A total of 183 TPH, 108 TCL VOC (plus miscellaneous compounds), 108 TCL SVOC, 105 

TCL pesticides/PCBs, and 1 12 TAL parameters, and 181 total and 14 1 hexavalent chromium 

analyses was completed on these soil samples, not including QNQC blanks and replicates. 

The analytical results of all soil samples collected at the Bayonne Plant during the RI 

and contemporaneous IRM study activities are provided in Tables 5-1 through 5-6 for TPH, 

TCL VOCs (plus miscellaneous compounds), TCL SVOCs, pesticides/PCBs, and TAL 

parameters (hexavalent chromium), respectively. Tentatively identified compounds (TICS) 

were not included in the analytical data summary tables for VOCs and SVOCs. The 

interpretation, evaluation, and use of TIC data for the Bayonne Plant RI were not deemed 
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.' necessary, in accordance with a July 6, 1995 NJDEP guidance letter to Exxon (NJDEP 

1995b) in connection with the Bayway Refinery RI. The quantifiable level of weathered TPH 

in soils is sufficient to characterize contamination at the Bayonne Plant. For screening 

purposes, the analytical results were compared to the following applicable cleanup guidance 

levels for soils at contaminated sites: (1) residential direct-contact soil cleanup criteria, (2) 

non-residential direct-contact soil cleanup criteria, and (3) impact to groundwater soil cleanup 

criteria. Analytical results for TPH were compared to the following criteria: (1) the NJDEP 

criterion of 10,000 milligrams per kilogram (mgkg) for total organic compounds, and (2) the 

Construction, Maintenance, and Emergency Repairs Protocol (CMERP) criterion of 30,000 

mgkg, as shown in Table 5-1. Analytical results that exceed the non-residential diiect- 

contact soil cleanup criteria or the impact to groundwater soil cleanup criteria are identified in 

Tables 5-2 through 5-5 and are discussed in the following constituent group summary 

sections. Results for total chromium and hexavalent chromium are provided in Table 5-6, 

with total chromium compared to the value of 10,000 mgkg, and hexavalent chromium 

compared to values of 100 mgkg and 10 mgkg pending finalization of NJDEP guidance for 

chromium. Table 5-7 provides the minimum and maximum quantified concentration of 

constituents detected in soil and presents the number and percentage of samples with 

constituent exceedance(s) of the applicable cleanup criteria for the whole site and for 

individual areas. It also provides the geometric mean concentration for each constituent for 

the entire site. This methodology was selected over the arithmetic mean because the data 

distributions were not normal and frequently tended to resemble a log normal distribution. It 

may not be meaningfir1 for all constituents. The number and distribution of data points should 

be evaluated when using this mean value for decision making. 

In addition to the summary tables, five figures (Figures 5-1 through 5-4) that depict 

summary soil quality are presented. Figure 5-1 depicts the TPH analytical data and identifies 

locations at which soil samples have or have not exceeded the soil quality criteria of 10,000 

mgkg and 30,000 mgkg. Figures 5-2 and 5-3 provide specific constituent exceedances of the 

non-residential direct contact and impact to groundwater soil cleanup criteria for TCLJVOCs, 
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TCL SVOCs, TCL pesticidedPCBs, and TAL inorganics in surface and subsurface soils. 

Chromium (total and hexavalent) exceedances are shown on Figure 5-4. 

5.1.1 Summarv of  Field OAIOC for Soil S a m ~ l e s  

The QAlQC measures for Phase IA soil samples were conducted according to the 

QAPP of the RI Work Plan (Geraghty & Miller, Inc. 1993a) and are consistent with NJDEP 

guidance (NJDEPE 1992a). Sample collection and handling procedures and QNQC sample 

collection frequency are discussed in Section 3.9 (Quality AssurancefQuality Control) and in 

the RI Work Plan (Geraghty and Miller, Inc.1993a). Analytical results for soil replicate 

samples and field blanks associated with the samples collected during the RI are summarized 

below and discussed in detail in Appendix J. In accordance with the NJDEP Field Sampling 

Procedures Manual (NJDEPE 1992a), trip blanks were not required for soil samples. 

Field replicates were collected to evaluate the reproducibility of the sampling 

technique, the laboratory precision in analyzing samples, and the degree to which variability in 

the soil type affects the analytical result. Ten "blind" field replicate samples were collected at 

Phase IA soil sampling locations. Analytical results for the ten replicate soil samples indicate 

a good degree of repeatability for the overall analytical data for soil samples collected at the 

Bayonne Plant. Six of these samples were analyzed for TPH, TCL VOCs plus site-specific 

alcohols and additional compounds, TCL SVOCs, TCL pesticidedPCBs, TAL metals and 

cyanide, and hexavalent chromium. This list constitutes the "full suite" of analyses at the 

Bayonne Plant and will be referred to in this report as the "full suite" or "full parameters." 

Two of the replicates collected were analyzed for TPH, total chromium, and hexavalent 

chromium only. One replicate sample was analyzed for TPH only, and one replicate sample 

was analyzed for hexavalent chromium only. The analytical results for each replicate were 

compared against the results for its associated soil sample to ver@ that the reported values 

for each constituent did not vary by more than 100 relative percent difference (RPD) (USEPA 

1992a). 

GERAGHTY €? MILLER, INC. 



The sampldreplicate pairs exceeded the RPD l i t  of 100 for TPH in two soil samples, 

for some metals (chromium, zinc, arsenic, and lead) in three soil samples, for one pesticide in 

one soil sample, and for one VOC in one soil sample. These exceedances are discussed in 

detail in Appendix J. In these cases, the heterogeneity of the soil sample matrix probably 

effected the large difference in the analytical result between the sample and replicate. The soil 

samples collected at the Bayome Plant exhibited the significant heterogeneity, which is 

common for filled industrial sites. Soil sample heterogeneity makes it difficult to replicate a 

sample. Therefore, differences in analytical results may not be indicative of laboratory 

precision, but instead may reflect the inherent variability of the soil matrix and the difficulty in 

homogenizing a soil sample. Samples selected for VOC analysis are not homogenized, thus 

creating the potential for greater heterogeneity. Analytical results for the ten replicate soil 

samples indicate a good degree of repeatability for the overall analytical data for soil samples 

collected at the Bayome Plant. 

Field blanks were prepared to evaluate the potential for cross-contamination. The 

field blank results were used to determine if the sampling tools or decontamination techniques 

affected the integrity of the analytical results for the samples collected in the field and also to 

check the laboratory-prepared analyte-free water. Twenty aqueous field blanks were prepared 

on days when soil samples were collected during the Phase IA RI at the Bayome Plant. Nine 

of the 20 field blanks were analyzed for full parameters; four were analyzed for TPH, 

hexavalent chromium, and total chromium; four were analyzed for TPH only; one was 

analyzed for TPH and hexavalent chromium only; one was analyzed for hexavalent chromium 

and SVOCs only; and one was analyzed for hexavalent chromium only (some of these field 

blanks were associated with the re-sampling efforts for SVOCs and hexavalent chromium). 

PCBs were not detected in any of the non-aqueous field blanks associated with the soil 

samples. One field blank contained detectable concentrations of TPH and one pesticide; six 

contained detectable concentrations of VOCs (methylene chloride and acetone, which are 

common laboratory contaminants), and eight contained detectable concentrations of SVOCs 

(in seven of these, the only SVOCs detected were phthalates, a common sampling artifact). 

One field blank also contained three other basdneutral extractable organic compounds. Nine 
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field blanks contained detectable concentrations of various metals; one of these field blanks 

contained detectable concentrations of lead. However, none of the field blanks yielded 

elevated concentrations of the above constituents. A detailed discussion of the field blank 

results is provided in Appendix J. 

Analytical results fiom field blanks and soil samples collected on the same day were 

compared. In all cases, detected constituent levels in the blanks were at least an order of 

magnitude less than the constituent concentrations in their associated samples. Therefore, 

Geraghty & Miller concluded that no significant cross-contamination of samples had occurred 

due to sampling activities or decontamination procedures. 

5.1.2 Total Petroleum Hydrocarbons in Soils - Analytical Results 

A total of 183 soil samples obtained fiom 98 soil borings and monitoring well 

locations was submitted for TPH analysis (see Table 5-1). For screening purposes, all 

concentrations of TPH above the NJDEP soil cleanup guidance level of 10,000 mgkg for 

total organic contaminants and the 30,000 mgkg CMERP criteria are indicated in Table 5-1. 

TPH was detected in all soil samples at concentrations ranging fiom 75.2 to 479,000 mgkg. 

The NJDEP soil cleanup guidance level of 10,000 mgkg was exceeded for 109 samples (60 

percent) at 73 locations (74 percent). TPH was more fiequently detected in subsurface soil 

than in surface soils, and at higher concentrations. Thirteen surface-soil samples exceeded 

30,000 mgkg, whereas 50 subsurface soil samples exceeded this criterion. Thirteen surface- 

soil samples had concentrations exceeding 10,000 mgkg but less than 30,000 mgkg, as 

opposed to 33 subsurface soil sample exceedances over this range. 

Figure 5-1 illustrates the areas of the Site where TPH has been detected in soil at 

concentrations greater than 10,000 and 30,000 mgkg. As shown on this figure, high 

concentrations (above 10,000 mgkg) of TPH are present in soils over much of the Site. The 

highest concentrations of TPH (greater than 100,000 mgkg) in soil were observed in the 

General Tank Field, the Lube Oil Area, the Main Building Area, and the No. 3 Tank Field. In 
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each of these areas, past practices are possible sources of these higher TPH concentrations. 

Separator bottoms were disposed in the area of the General Tank Field; separators were 

formerly operated in the Lube Oil and No. 3 Tank Field Areas; and storage tanks, pump 

houses, and sweetening stills were formerly located in the Main Building Area. 

Detected TPH concentrations are attributable to historic activities throughout the 

Bayonne Plant's 120 years of operation. Some portion of the TPH in the soil may be 

attributed to the composition of the fill. Observations made during drilling and soil sampling 

indicate that the TPH detected at many locations is visually evident as stains and adsorbed 

liquid. 

5.1.3 Volatile Owanic Com~ounds in Soils - Analvtical Results 

Of the 183 samples analyzed for TPH, 108 samples (59 percent) from 75 locations 

were selected for VOC analysis. Table 5-2 presents the concentrations of VOCs in soil 

samples and, for screening purposes, indicates, in bold type and underlined, all concentrations 

of VOCs that exceezed the NJDEP non-residential direct-contact or impact to groundwater 

soil cleanup criteria. Figures 5-2 and 5-3 depict locations where VOC concentrations in soils 

were compared to the NJDEP non-residential direct-contact soil cleanup criteria and impact to 

groundwater soil cleanup criteria for surface soils (0 to 2 feet bls) and subsurface soils 

(greater than 2 feet bls), respectively. The most stringent of these criteria for VOCs is 

generally the impact to groundwater criteria, which the NJDEP based on empirical models of 

transport mechanisms. 

VOCs were detected in eleven samples at seven locations at concentrations above the 

impact to groundwater criteria. Only one of the eleven VOC samples with concentrations 

above the impact to groundwater criteria also had concentrations above the non-residential 

direct contact soil cleanup criteria. For screening purposes, Table 5-2 also provides a 

tabulation of total TCL VOCs identified in soil samples during Phase IA, with total VOC 

exceedances in bold and underlined. Only one location (Soil Boring ECPSB2 at a depth of 10 
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to 12 feet bls) contained total TCL VOCs (plus miscellaneous compounds) at concentrations 

above the NJDEP soil cleanup criteria of 1,000 mgkg for total VOCs. The locations where 

VOCs were detected above the impact to groundwater soil cleanup criteria are discussed 

below. 

The following VOCs were detected in soil above the impact to groundwater cleanup 

criteria (the number of exceedances is in parentheses): benzene (2), chlorobenzene (9, and 

xylenes (4). Only chlorobenzene at one location exceeded the non-residential direct contact 

soil cleanup criteria. 

Of the seven locations at which soil criteria were exceeded, only three locations were 

surface soils (0 to 2 feet bls), and none of these surface soils exceeded the non-residential 

direct contact criteria. All three surface soil exceedances for VOCs detected at the Bayome 

Plant were in the No. 3 Tank Field (Soil Borings N3TFSB6, N3TFSB7, and N3TFSB8) 

where mostly gasoline or light naphtha products were stored. The constituent exceedances in 

surface soil were benzene, chlorobenzene, and xylenes. The benzene and xylenes exceedances 

in this area can be related to a historic spill of light naphtha (Geraghty & Miller, Inc. 1994b) 

but the chlorobenzene source is not known. However, chlorobenzene may be present due to 

operations in the neighboring Exxon Chemicals Plant Area. 

Five locations exhibited subsurface soil concentrations above the applicable criteria. 

At three locations (Soil Borings ECPSB2, ECIRMB3, and APSB6), chlorobenzene was 

observed in subsurface soils above the applicable criteria. One of these locations (Soil Boring 

ECPSB2) also showed xylene exceedances. Similar to the surface soil exceedances, 

chlorobenzene was observed in proximity to the Exxon Chemicals Plant Area. Xylene was 

observed above the applicable criteria at Soil Boring GTFSB9 in the General Tank Field. The 

presence of xylene at this location can be attributed to former spills in the General Tank Field. 

At one other location in the No. 2 Tank Field (Soil Boring N2TFSB4), xylene in the 

subsurface soil cannot be attributed to a specific spill; however, this constituent is typical of 

refined petroleum products. 
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5.1.4 Semivolatile Orpanic Com~ounds in Soils - Analvtical Results 

Of the 183 soil samples submitted for TPH analysis, 108 samples (59 percent) fiom 76 

locations were submitted for SVOC analysis. Table 5-3 provides the SVOC concentration 

results for soil samples, and, for screening purposes, also indicates SVOC concentrations in 

soil samples that exceeded the NJDEP non-residential direct contact or impact to groundwater 

soil cleanup criteria. Figures 5-2 and 5-3 depict locations where SVOC concentrations in soil 

exceeded one or both of the NJDEP soil criteria (the non-residential soil cleanup criteria, and 

the impact to groundwater soil cleanup criteria) for surface and subsurface soils, respectively. 

SVOC concentrations in soil were detected above the applicable criteria in 40 samples 

at 34 locations. The following SVOCs were detected in soil above the applicable criteria (the 

number of exceedances is in parentheses): benzo(a)anthracene (1 I), benzo(b)fluoranthene (9), 

benzo(a)pyrene (36), benzo(k)fluoranthene (9), chrysene (2), dibenz(a,h)anthracene (IS), 

indeno(l,2,3-cd)pyrene (4), naphthalene (2), pyrene (I), N-nitrosodiphenylarnine (I), 

1,2-dichlorobenzene (I), and 1,4-dichlorobenzene (1). All but three of these constituents 

(N-nitrosodiphenylamine, 1,2-dichlorobenzene, and 1,4-dichlorobenzene) are polycyclic 

aromatic hydrocarbons (PAHs). The non-PAH SVOCs were each detected above the impact 

to groundwater soil cleanup criteria and were observed at Soil Borings ECPSB2 and 

N3TFSB7, which are located in the Exxon Chemicals Plant Area and the No. 3 Tank Field 

Area, respectively. These constituents may have originated from smaller sources that released 

the VOCs observed in the same locations. Naphthalene was detected above the impact to 

groundwater criteria at two locations: one in the Solvent Tank Field and the other at the same 

location as the non-PAHs in the Chemical Plant. 

The PAHs are generally observed above the non-residential direct contact soil cleanup 

criteria throughout much of the Bayonne Plant. The higher concentrations and densities of 

exceedances were observed in the Lube Oil Area (including the Stockpile Area), the Pier No. 

1 Area, the Exxon Chemicals Plant Area, the AV-Gas Tank Field, parts of the Asphalt Plant, 
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and the No. 3 Tank Field Area. Other exceedances were found but were sporadic. The 

greatest number of exceedances was observed for benzo(a)pyrene, with 36 samples exceeding 

the non-residential soil criteria. Specific sources cannot be identified for observed 

concentrations of PAHs. PAHs are present in various hydrocarbon products and residues 

associated with several generations of operating refinery history and smaller concentrations of 

PAHs are possibly associated with the coal-derived cinders that were used for fill on 

Constable Hook. In general, the highest concentrations of PAHs are found primarily in 

former processing areas, with lower concentrations observed in long-term tank field areas; this 

pattern would be expected based on the derivation of PAHs. In general, the relatively higher 

concentrations of PAHs at the Site are in the subsurface soils, with the exception of Soil 

Boring ECPSBS where benzo(a)pyrene was detected at 33,000 uglkg. PAH concentrations 

are higher in the subsurface soils, possibly because surface soils have been reworked in the 

course of multi-plant reconstruction~service change activities and probably because TPH 

concentrations tend to be higher in subsurface soils. There are, however, 14 locations in 

which PAHs were detected above the applicable criteria in surface soils compared to 20 

subsurface locations above the applicable criteria. 

5.1.5 Pesticides and PCBs in Soils - Analytical Results 

A total of 105 of the 183 soil samples (57 percent) collected at 75 locations at the 

Bayonne Plant was submitted for pesticide and PCB analysis during the Phase IA 

investigation. Table 5-4 presents all of the analytical data for pesticides and PCBs in soil 

samples collected during Phase IA, and, for screening purposes, also indicates concentrations 

that exceeded the non-residential and/or impact to groundwater soil quality criteria for 

pesticides/PCBs. Figures 5-2 and 5-3 depict locations where pesticides and PCB 

concentrations in soil exceeded one or both of the NJDEP soil quality criteria (the non- 

residential soil cleanup criteria and the impact to groundwater soil cleanup criteria) for surface 

and subsurface soils, respectively. 
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Only one surface soil sample throughout the Site, Soil Boring LAIRME31, located in 

the Lube Oil Area, exhibited exceedances of the applicable criteria for pesticides in soil. The 

following constituents were observed above the non-residential direct-contact soil cleanup 

criteria: 4,4'-DDD, 4,4'-DDT, and dieldrin. 4,4'-DDD also exceeded the impact to 

groundwater soil cleanup criterion. Because this was the only location where pesticide 

exceedances were observed and it was in a surface soil sample, it is possible that this detection 

is a remnant of pest control. Exxon's flea, lice, insect, and tick (FLIT) pesticides were 

manufactured for a short period at the plant; however, this specific exceedance cannot 

necessarily be attributed to this operation (Geraghty & Miller, Inc. 1994b). 

No PCBs were observed above the applicable criteria at the Bayonne Plant. 

5.1.6 Metals and Other Miscellaneous Analvtes in Soils - Analvtical Results 

A total of 112 soil samples collected fiom 75 locations was analyzed for TAL 

constituents (i.e., metals). At 97 locations, 141 surface and subsurface soil samples were 

collected for total and hexavalent chromium analysis. Table 5-5 presents the analytical data 

for metals detected in soil, and, for screening purposes, also indicates which metal 

concentrations exceeded the NJDEP non-residential direct-contact soil criteria for metals, for 

all depths. Samples from 47 locations (64 percent) exceeded the non-residential soil criteria 

for the following metals, not including chromium (the number of exceedances is in 

parentheses): arsenic (49), beryllium (4), copper (6), lead (22), nickel (I), thallium (4), and 

zinc (3). Table 5-6 provides a list of individual results for total and hexavalent chromium. 

Figures 5-2 and 5-3 depict the number of exceedances for metals concentrations in surface 

and subsurface soils, respectively; these concentrations were compared to the non-residential 

soil cleanup criteria. Currently, the NJDEP has not published impact to groundwater soil 

cleanup criteria for metals. For evaluation purposes, chromium results were compared to 

10,000 mg/kg for total chromium results, and 100 mg/kg and 10 mg/kg for hexavalent 

chromium pending establishment of regulatory standards for chromium. Figure 5-4 depicts 

the number and areas of exceedances for chromium. Sampling for chromium was generally 
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not conducted in known chromium areas but was conducted to ascertain the extent to which 

chromium was present outside those areas. 

49 of the 112 soil samples (44 percent) submitted for TAL metals analysis exceeded 

the 20 mgkg applicable criteria for arsenic. Of the exceedances, 25 were between 20 and 40 

mgkg, 13 between 40 and 80 mgkg, 3 between 80 and 120 mgkg, and 8 greater than 120 

mgtkg. Arsenic levels are above the criterion in both surface and subsurface soils. The 

highest concentrations were detected in the subsurface soil borings in the Exxon Chemicals 

Plant Area (Soil Boring ECPSBZ), AV-Gas Tank Field (Soil Boring AGTFSBI), the Main 

Building Area (Soil Boring MBSB3), and the Asphalt Plant (Soil Boring N3TFSB2), and also 

in the surface samples at the No. 3 Tank Field (Soil Borings N3TFSB7 and N3TFSB8). 

Because arsenic was detected throughout the facility at concentrations not significantly above 

the applicable criterion, the arsenic may be related to the coal-derived cinders emplaced during 

historical operations, or to other background factors. 

Lead has been observed above the applicable criterion in 22 of the 1 12 soil samples 

(20 percent) analyzed for TAL metals. Twelve of the exceedances (11 percent of the 

samples) at eight locations were detected at 1,000 mgkg or more, compared to the criteria of 

600 mgkg. Nine of the 12 exceedances that exhibited concentrations of lead above 1,000 

mgkg were at five locations in the northwest part of the General Tam Field. The high lead 

concentrations in this area are likely derived from the historic disposal of lead-contaminated 

separator bottoms or possibly fiom former fire training operations in that area. Lead 

concentrations above 1,000 mgkg were also observed in soil borings at the AV-Gas Tank 

Field (Soil Boring AGTFSB3), the Lube Oil Area (Soil Boring LOSB 17), and the No. 3 Tank 

Field (Soil Boring N3TFSB9). The relatively high lead concentrations in the AV-Gas Tank 

Field is not unexpected, since AV-gas is leaded; it is uncertain why there are high lead 

concentrations in the No. 3 Tank Field or in the Lube Oil Area. 

All other metals detected above the criteria were sporadically located throughout the 

Site. Copper was detected above the applicable criterion in five areas of the Bayowe Plant; 
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three times in the surface soils and three times in the subsurface soils. Thallium was also 

detected sporadically throughout the Site; however, it was only detected above the applicable 

criterion in subsurface soils. Zinc was detected above the criterion at two locations in the 

General Tank Field and was present where lead concentrations were also high. 

Due to past filling activities, some emphasis was placed on soil sampling for total and 

hexavalent chromium. One hundred and eighty samples were analyzed for total chromium 

from 97 locations and 141 samples fiom 87 locations were analyzed for hexavalent chromium 

(Table 5-6). Twenty-nine samples (16 percent) exhibited quantifiable concentrations of both 

total and hexavalent chromium. Total chromium was not detected above 10,000 mglkg. 

Hexavalent chromium was detected above 100 mgkg in three soil samples (2 percent) and 

above 10 mglkg in 16 soil samples (1 1 percent) (Figure 5-4). 

The data provided in Table 5-6 do not suggest a bias in chromium concentrations 

when surface soil results are compared with subsurface results. Nine surface soil samples 

exceeded the hexavalent chromium criteria, while seven subsurface soil samples exceeded one 

or both of the comparative criteria for hexavalent chromium. 

The deposits of chromium fill at the Bayonne property are being studied in more detail 

by ICF Kaiser Engineers as part of an IRM study. 

$ 
5.2 SUBSURFACE HYDROCARBONS AT THE BAYONNE PLANT 

This section describes the hydrocarbonlNAPL observations from the Phase IA RI field 

activities and the NAPL IRM study activities. The NAPL discussion focuses on the shallow 

water-table zone in which almost all the NAPL was encountered, with the exception of the 

NAPL observed in the intermediate water-bearing deposits adjacent to the Platty Kill Canal. A 

more detailed review of NAPL in the area adjacent to the Platty Kill Canal has been 

conducted by DRAI @an Raviv Associates, Inc. 1994b). Throughout this Phase IA RI 

report, reference is made to NAPL thickness or apparent NAPL thickness. In this report, 
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these terms are synonymous because they refer to the observed thickness of NAPL in a 

temporary well point or monitoring well under static conditions, which is generally 

significantly greater than the true thickness of NAPL on the groundwater table in the geologic 

formation. To determine "true" NAPL thickness in the subsurface deposits, fbrther testing, 

such as baildown tests, is warranted. 

5.2.1 Hvdrocarbon Observations from the Phase IA RI and Contemporaneous IRM 
.Soil Borine and Well Installation Propram 

Temporary well points were installed at 99 of the 116 soil borings to determine 

whether the hydrocarbons visible in soil were fiee to migrate and accumulate on the shallow 

water table. Table 5-8 presents the results of the well point program conducted.during Phase 

IA of the RI. Temporary well points were installed at the 99 locations in response to the 

visible presence of hydrocarbon sheens, products, or residual materials in soil '(see Table 5-8). 

The field and construction techniques used to complete the well points are described in 

Section 3.3 (Hydrocarbon Delineation - Temporary Well Point Program and Hydrometer 

Testing). 

NAPL was identified at measurable thicknesses (greater than 0.01 foot) in 54 of the 99 

(55 percent) temporary well points installed during the RUIRM field activities. NAPL 

thicknesses of less than 0.1 foot were measured at 13 of the 54 locations (24 percent); 

thicknesses between 0.1 and 1 foot were measured at 22 locations (41 percent); and 

thicknesses greater than 1 foot were measured at 19 locations (35 percent). The maximum 

NAPL thickness, 8.29 feet, was measured at Soil Boring N3TFSB1, which is located in the 

southern portion of the No. 3 Tank Field. 

Five of the IRM well point locations that contained measurable thicknesses of floating 

hydrocarbons were completed as monitoring wells. Measurements were subsequently 

collected at the newly installed wells (before and after development) for comparison with the 

earlier well point measurements. NAPL thickness measured in each monitoring well was 
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comparable to the measurement in the well point previously installed at the same location (see 

Table 5-8). RI monitoring wells were installed without temporary well points, but were 

monitored in a similar manner. 

NAPL samples were collected fiom 16 temporary well points and four RVIRM 

monitoring weUs for specific gravity measurements using a hydrometer. NAPL samples were 

also collected fiom 38 pre-existing IRM monitoring wells; these results are discussed in 

Section 5.2.2 (Plant-Wide Overview). The results of the hydrometer analysis are presented in 

Table 5-9 and shown on Figure 5-5. The testing procedures are described in Section 3.3.2 

(Hydrometer Testing). NAPL samples were not collected fiom every temporary well point 

location that contained NAPL; rather they were collected fiom a selection of temporary well 

points located throughout the Site, to provide areal information on the types of floating 

hydrocarbons. NAPL specific gravities ranged fiom 0.820 (a diesel fuel-range specific 

gravity) at Soil Boring AHTFSB1 (located in the northern portion of the "A"-Hill Tank Field) 

to 0.970 (a No. 6 Fuel Oil-range gravity) at Soil Boring ECPSB2 (located in the northern 

portion of the Exxon Chemicals Plant) and Soil Boring AGTFSB4 (in the AV-Gas Tank 

Field). 

5.2.2 Plant-Wide Overview 

Figure 5-5 presents the apparent thickness of NAPL measured at the Site during the 

RVIRM field activities. This figure was prepared by using maximum well point-measured 

NAPL thicknesses in conjunction with the synoptic NAPL thickness information obtained 

during the low-tide groundwaterJNAPL level measuring event conducted on December 12, 

1994. NAPL specific gravity information was derived fiom hydrometer analysis on NAPL 

samples collected fiom 20 RVIRM well pointlmonitoring well locations and also fiom NAPL 

samples collected at 39 pre-existing IRM monitoring wells. This specific gravity information 

is provided in Table 5-9 and also shown near the temporary well point or monitoring well 

locations on Figure 5-5. 
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Seventeen floating NAPL plumes (Plumes No. 1 through 17) were identified during 

the field activities associated with the RI/IRM, as summarized in Table 5-10 and shown on 

Figure 5-5. The plumes are enumerated on Figure 5-5. Only NAPL observed in at least two 

contiguous boringlwell locations is designated and enumerated as a plume on Figure 5-5. The 

depicted shape of the NAPL plumes on Figure 5-5 was determined by evaluating the direction 

of shallow groundwater flow, the orientation of groundwater divides, and the specific gravity 

of the NAPL. 

To facilitate a discussion of the NAPL findings and the relationship of NAPL to soil 

and groundwater contamination, the Site is discussed by operational area from east to west; in 

some instances, contiguous operational areas are grouped. NAPL findings are therefore 

described for ten areas at the Bayome Plant. These areas are intended to provide a 

geographic/operational perspective for the evaluation of NAPL in this section and for the 

contaminant relationship evaluations provided in Section 7.0 (Data Evaluation, Hypothesis 

Development, and Conclusions). The following is a brief description of the NAPL plume areas, 

including apparent NAPL thickness/thickness range, specific gravity and type, potential 

sources, and other information obtained from recent IRM activities, such as gas 

chromatograph (GC) fingerprinting. 

Piers, and the East Side Treatment Plant and MDC Building Area 

Three NAPL plumes (Plumes No. 1 through 3) have been identified in this area 

(Figure 5-5). The largest NAPL plume (Plume No. 1) in this area is a 850-foot 

long linear feature, oriented east-west. 

No NAPL was measured at several wells located immediately south of the Plume 

No. 1, indicating that the plume is probably not very wide. Apparent NAPL 

thicknesses during the low-tide water-level measuring event ranged from 0.44 foot 

at Monitoring Well EB66R to 3.57 feet at Monitoring Well EB69 (see Table 4-1 

and Figure 5-5). During past IRM activities, DRAI has measured apparent NAPL 
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thicknesses as great as 7 feet in this area. NAPL specific gravity results in this area 

are indicative of dieseVNo. 2 he1 oil products (0.860 at Monitoring Well EB59) at 

the western end of the plume, and of the No.6 he1 oil-product (specific gravities of 

0.990 and 0.991 at Monitoring Wells EB69 and EB62, respectively) at the eastern 

end of the plume. Lighter product-specific gravity obtained fiom NAPL samples 

fiom monitoring wells at the nearby Pier 6 and Low Sulhr Tank Field indicates 

that the Plume No. 1 is not related to these other occurrences of floating NAPL. 

As part of the Pier No 7 NAPL IRM, NAPL fingerprinting was conducted; results 

indicated that there is a mixture of NAPL in this area ranging fiom heavily 

degraded gasolines and diesel products to "fiesh" heavy he1 oil, No. 6 he1 oil, and 

high viscosity lube base stock (Dan Raviv Associates, Inc. 1995~). NAPL samples 

fiom the Pier No. 7 Area were submitted for chemical analysis, the results 

indicating the presence of benzene, chlorobenzene, and xylenes (Dan Raviv 

Associates, Inc. 1995~). The original NAPL source is unknown, but may be 

related to ASTs that were present near Pier 7 between 1921 and 1970, or to a 

former oil-water separator that operated in the area between 1932 and 1970 

(Geraghty & Miller 1994b). Additional potential migration pathways include 

backtilled sewer and piping trenches. 

Two relatively small NAPL plumes (Plumes No. 2 and 3) were identified to the 

north and south of Pier 6 (see Figure 5-5). Apparent NAPL thicknesses ranged 

fiom 0.16 foot in a temporary well point installed in Soil Boring PESTSB2 to 1.05 

feet at Monitoring Well EBR18 (see Table 4-1). NAPL specific gravity 

measurements by Geraghty & Miller indicate that the NAPL is in the kerosendube 

oil range (specific gravities of 0.85 1 and 0.852 at Monitoring Wells EBR7 1, EB72, 

and EBR18, respectively). DRAI obtained similar NAPL specific gravity results 

(0.851 to 0.854) for the Pier 6 area (Dan Raviv Associates, Inc. 1995b). The Pier 

6 area has been a marine terminal since the early 1900s, and most likely the source 

of the NAPL is fiom historical spills (Dan Raviv Associates, Inc. 1995b). 
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Temporary well points installed by Geraghty & Miller during Phase LA of the RI in 

locations to the west north and south of Plumes 2 and 3 indicated that they are 

isolated and is not contiguous with the nearby Pier 7 (Plume No. 1) and Low 

Sulfbr Tank Field plume (Pier No. 4). 

Low Sufir and Solvent Tank Fields 

A relatively large NAPL plume (Plume No. 4) is present in this area (Figure 5-5). 

The plume is centered in the vicinity of Tank 1066, and extends to the northwest 

toward Tank 1026, to the southeast toward Tank 1068, and to the east toward 

Tank 1035. NAPL thicknesses ranged from 0.51 foot at Monitoring Well EB81 to 

13.6 feet at Monitoring Well MW8, located at the northeastern plume edge (see 

Table 4-1). Two types of NAPL appear to be present in this area. NAPL specific 

gravity measurements fiom various NAPL samples in the area indicate primarily a 

light product (specific gravity of 0.780 to 0.807). GC fingerprinting analyses of the 

NAPL in this area confirms that the NAPL has gasoline and kerosene 

characteristics. Analytical results of NAPL samples indicated that benzene, 

toluene, ethylbenzene, and xylene (EITEX), and naphthalene, PAHs, and lead are 

the major constituents present in the NAPL. This NAPL layer has been observed 

floating on the water table in this area since 1980. The source of this NAPL is 

likely to be fiom historical spills that occurred prior to 1967 when gasoline was 

stored in former ASTs in this area (Geraghty & Miller, Inc. 1994b). 

A smaller, more localized pocket of heavier NAPL was observed in the vicinity of 

Tank 1066. This NAPL has a specific gravity of 0.990 and is indicative of a heavy 

fbel oil, such as No. 6 fbel oil or catalytic cracking fractionator tower bottoms (see 

Table 5-9). This NAPL was described as a viscous dark brown to black material 

@an Raviv Associates, Inc. 1993a). The source of this NAPL may be related to a 

historical release that occurred from Tank 1066 (Geraghty & Miller, Inc. 1994b). 
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General Tank Field 

Two floating NAPL plumes (Plumes No. 5 and 6) are defined within the General 

Tank Field, not including the portion of Plume No. 1 in the southeast comer of the 

tank field that extends into the area from the Piers and East Side Treatment Plant 

Area (see Figure 5-5). The first plume (Plume No. 5) is located in the north- 

central portion of the tank field, where one temporary well point (Soil Boring 

GTFSB2) and one Phase IA monitoring well (Monitoring Well GMMWIO) 

showed floating NAPL in the range of 0.24 to 0.3 foot. The second plume (Plume 

No. 6) is located along the southern perimeter of the tank field, where temporary 

well points at Soil Borings GTFSB8 and GTFSB9 showed 1.2 feet and 2.07 feet of 

floating NAPL, respectively. A NAPL sample from Plume No. 6 had a specific 

gravity of 0.960, which is characteristic of No. 6 he1 oil. The NAPL in the 

northern plume appeared to be visually similar (i.e., very thick, black, weathered 

NAPL). The NAPL observed in the General Tank Field is most likely the result of 

historical spills from former ASTs that were located in the area between 1925 and 

1974 and potentially from a pump house that operated near Soil Boring GTFSB8 

between 1925 and 1951 (Geraghty & Miller 1994b). The two plumes may be 

contiguous since there is a lack of data points between them (see Figure 5-5). 

AV-Gas Tank Field and Domestic Trade Area (includes southern part of 

Interceptor Trench) 

One NAPL plume (Plume No. 7) has been identified in this area. This plume 

occupies most of the AV-Gas Tank Field and extends southward into the Asphalt 

Plant Area. NAPL thicknesses ranged from 0.20 foot in the northern portion of 

the Asphalt Plant at the temporary well point for Soil Boring APSB4 to 9.9 feet in 

IRM Monitoring Well ITMWl (see Tables 4-1 and 5-8). NAPL specific gravities 

in the interior part of the Tank Field were 0.965 (at Soil Boring AGTFSB3) and 

0.970 (at Soil Boring AGTFSB4). These specific gravities are indicative of lube 
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oils and No. 6 he1 oil products, and probably reflect historical spills fiom former 

ASTs (1932 to 1940), a former crude stills facility (1920 to 1930), or two 

historical oil-water separators (1940 and 1945); the tank field is currently used to 

store aviation fbel. Specific gravities obtained fiom NAPL samples at Monitoring 

Well ITMWI, located on the northern perimeter of the tank field and closer to the 

interceptor trench, indicated much lighter NAPL in this area, with a specific 

gravity of 0.830, which is in the dieseuaviation he1 range. The source of the light 

NAPL identified in Monitoring Well ITMWl could be related to a diesel spill 

(amount unknown) that was discovered north of Tank 1014 in 1992 (Geraghty & 

Miller 1994b). 

Considering the absence of floating NAPL in the upgradient well point and 

monitoring well locations that surround the AV-Gas Tank Field, the upgradient 

side of this NAPL plume is considered to be well defined. However, a 

performance evaluation conducted on the interceptor trench determined that the 

NAPL identified in IRM Monitoring Well ITMWl is not being captured by the 

trench (Dan Raviv Associates, Inc. 1995a). DRAI has proposed additional 

monitoring wells to fbrther evaluate the extent of the floating NAPL and the 

effects of the interceptor trench to the east (Dan Raviv Associates, Inc. 1995a). 

Asphalt Plant and Exxon Chemicals Plant (includes Utilities Area) 

Two NAPL plumes (Plumes No. 8 and 9) have been identified in this area, not 

including Plume No. 7, which occupies most of the AV-Gas Tank Field and 

extends into the Asphalt Plant Area. The first and larger of the plumes (Plume No. 

8) is located in the northwestern portion of the Chemicals Plant and Asphalt Plant 

Areas pigure 5-5). Measured NAPL thicknesses ranged fiom 0.34 foot at 

historical Monitoring Well MW2 to 1.58 feet at the Phase IA temporary well point 

at Soil Boring ECPSB2 (see Table 5-8). NAPL samples collected fiom two of the 

temporary well point locations showed specific gravities of 0.968 and 0.970 at Soil 
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Borings EC2SBl and ECPSB2, respectively. These specific gravities are 

indicative of a heavier (or weathered) hydrocarbon, such as a No. 6 fie1 oil or 

asphalt. J 

The second plume (Plume No. 9) is located along the southern boundary of the 

Utilities Area and extends into the No. 3 Tank Field. Apparent NAPL thickness in 

this area ranges fiom 0.11 foot to 4.67 feet (see Tables 4-1 and 5-8). NAPL 

specific gravities ranged fiom 0.853 to 0.870, as measured in NAPL samples fiom 

Monitoring Wells GMMW5 and GMMW18. This range may be indicative of lube 

oil or No. 2 fie1 oil. There are many potential sources of the NAPL identified in 

the central portion of the Site, including spills related to former ASTs, a spill fiom 

Tank 916 in the No. 3 Tank Field (discovered in August 1978, unknown product 

and amount spilled), numerous documented asphalt spills to the ground, and 

several documented spills of slop oil and various Exxon lube oil additives (with 

specific gravities between 0.88 and 0.89) in the Chemicals Plant Area (Scerbo 

1995, Geraghty & Miller, Inc. 1994b). 

No. 3 Tank Field 

One NAPL plume (Plume No. 10) was identified in this area, as depicted on Figure 

5-5, not including Plume No. 9, which is described in the Chemicals Plant Area 

although it extends into the No. 3 Tank Field. Apparent NAPL thicknesses ranged 

from 0.41 foot to 4.81 feet (see Tables 4-1 and 5-8). NAPL specific gravities 

ranged fiom 0.830 to 0.841 as measured fiom NAPL samples at Monitoring Wells 

GMMW7 and GMMW16 (see Table 5-9). This range is indicative of a naphtha 

that was stored in the tank field (Bruzzi 1995) or a kerosene-range product. 

Temporary well points and soil borings completed between Plume Nos. 9 and 10 

did not contain floating NAPL, indicating that these two plumes are distinct and 

separate. Potential sources of the NAPL identified in the No. 3 Tank Field include 

former ASTs that were in operation between 1921 and 1970 in the area east of 
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present Tank 921, a former oil-water separator located south of Tanks 902 and 

903, and spills at Tank 920 (500 gallons of F540 [powerformer feed stock, light 

product similar to kerosene] in January 1988) (Geraghty & Miller, Inc. 1994b, 

Scerbo 1995). 

No. 2 Tank Field and Main Building Area (includes northern part of Interceptor 

. Trench) 

Two NAPL plumes (Plumes No. 1 I and 12) have been identified in this area, not 

including the portion of the NAPL plume (Plume No. 13) that extends into the 

area fiom the "A"-Hill Tank Field (Figure 5-5). The two plumes represent two 

isolated areas of floating NAPL along the northern and easternlsoutheastern 

portion of the Main Building Area near the interceptor trench (see Figure 5-5). 

In the northern area (Plume No. 1 I), five IRM monitoring wells contained floating 

NAPL at thicknesses ranging from 0.1 foot at Monitoring Well EB42 to 2.87 feet 

at Monitoring Well EB36 (see Table 4-1). Specific gravity measurements were 

performed on a NAPL sample from Monitoring Well ITMW4 and showed a 

specific gravity of 0.971, which is indicative of a heavy No. 6 he1 oil. 

The second plume (Plume No. 12) is located north and east of the inter-refinery 

pipeline (IRPL) pump pad (see Figure 5-5). Three IRM monitoring wells and one 

Phase IA temporary well point location showed floating NAPL at thicknesses 

ranging from 0.1 1 foot at Soil Boring MBSB3 to 2.98 feet at IRM Monitoring 

Well ITMW2. Specific gravity measurements performed on a NAPL sample fiom 

Monitoring Well ITMW2 showed a NAPL specific gravity ranging fiom 0.866 to 

0.870, which is characteristic of diesel or No. 2 he1 oil. These specific gravity 

values are similar to those obtained by DRAI during the Interceptor Trench NAPL 

IRM investigation @an Raviv Associates, Inc. 1995a). 
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The source of the heavy NAPL identified near the interceptor trench is most likely 

related to spills associated with historical ASTs that were in operation in the 

northern part of No. 2 Tank Field and extended into the AV-Gas Tank Field and 

Main Building Area between 1921 and 1970 or from sweetening stills that 

operated in this area, circa 1920 (Geraghty & Miller, Inc. 1994b). A performance 

evaluation completed on the interceptor trench in June 1995 indicated that the 

NAPL in the two areas defined above is being captured by the trench, either by 

natural gradients, or by pumping-influenced conditions @an Raviv Associates, Inc. 

1995a). 

"A"-Hill Tank Field 

One floating NAPL plume (Plume No. 13) has been identified in this area (Figure 

5-5). The plume is centered on the "A"-Hill Tank Field and extends into the 

eastern portion of the Main Building Area (Figure 5-5). Five temporary well 

points installed in the "An-Hill Tank Field and neighboring Main Building Area 

showed floating NAPL with similar NAPL specific gravities (see Figure 5-5). 

NAPL thickness in this area ranged from 0.11 foot at Soil Boring AHTFSBZ, 

located in the northeastern portion of the tank field, to 6.56 foot at Soil Boring 

AHTFSB4, to 8.0 feet at Soil Boring MBSBZ located near the Main Building. 

Two NAPL samples obtained from well points installed within the tank field, and 

also fiom the well point installed near the Main Building, showed identical NAPL 

specific gravities of 0.820, which is indicative of a diesel-range product. IRM 

monitoring wells located on the up- and downgradient perimeter of the tank field 

have shown only trace amounts of floating NAPL, indicating that this NAPL is, for 

the most part, contained in the interior of the tank field. 

Storage tanks that are still in operation in the "A"-Hill Tank Field currently hold 

heating oil. Historically, these tanks were known to contain heating oils and 

process gas oils. Two historical spills have been documented in this area, including 
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a 2~2,000-~allon spill of heating oil that occurred at Tank 5 14 in October 1978 

and a 42,000-gallon spill of process gas oil (heavy feed stock for gasoline refining) 

that occurred at Tank 508 in February 1983 (Geraghty & Miller, Inc. 1994b). 

Process gas oil is stored in heated tanks, and considering that the spill was in 

February, it is likely that the spilled material congealed quickly and did not 

penetrate beyond the top few inches of soil. Accordingly, the heating oil spill is 

the probable source for Plume No. 13. 

Lube Oil Area and Stockpile Area (includes ~la t ty  Kill Canal) 

Three NAPL plumes (Plumes No. 14, 15, and 16) have been identified in this area 

(Figure 5-5). One of the plumes (Plume No. 14) is located in the Lube Oil Area, 

and two are located in the Stockpile Area (Plumes No. 15 and 16). The first 

plume (Plume No. 14) is located in the northern part of the Lube Oil Area, to the 

east and northeast of Sub Station #18. This plume is defined by four historical 

monitoring wells and one Phase IA monitoring well containing floating NAPL. 

NAPL thicknesses ranged from 0.12 foot at Soil Boring EB24, located at the 

northern plume perimeter, to 0.77 foot at Monitoring Well GMMWl located 

adjacent to the Blending and Packaging Warehouse. NAPL specific gravities for 

this plume ranged between 0.885 and 0.895, indicating a lube No. 2 oil-range 

product. The source of the floating NAPL in the northern portion of the Lube Oil 

Operational Area may be related to historical spills at two former pump houses 

(1932 to 1945) and at two tank carttank truck loading racks (1932 to 1951) 

(Geraghty & Miller, Inc. 1994b). These facilities were located in the area between 

Monitoring Wells GMMWl and EB24 (see Figure 5-5). A more likely source is 

the significantly damaged sewer which exists at the eastern edge of this plume. 

This sewer line formerly conveyed pumpage from the Interceptor Trench, which 

would have been water with small amounts of oil. This type of leakage could 

explain the large, but very thin plume observed in this area which has no apparent 

source area with greater NAPL thickness (Chapman 1995). 
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The Stockpile Area contains two shallow NAPL plumes (Plumes No. 1 5 and 16) in 

the unconsolidated iXYalluvium and a NAPL plume in the deeper, conhed 

unconsolidated deposits (see Figure 5-5). Both of the shallow NAPL plumes 

extend to the east into the Lube Oil Area. Apparent NAPL thicknesses in the 

shallow plumes ranged fiom 0.11 foot at Monitoring Well GMMW12 in the 

northern plume to 3.23 feet in the temporary well point installed at Soil Boring 

LOSB8 in the southern plume (see Tables 4-1 and 5-8). NAPL specific gravities of 

0.916 at the temporary well point at Soil Boring SSB-1 in the northern plume and 

of 0.907 at Monitoring Well EB19 in the southern plume are indicative of lube oil. 

Several historical oil-water separators (which operated between 192 1 and 1959) 

located near Soil Boring LOSBI, lube oil spills at Tanks 106 and 107, and an 

existing loading rack could be the source or sources of the NAPL identified as 

Plume No. 15. 

Three IRM monitoring wells completed in deeper, confined unconsolidated 

deposits also contained measurable amounts of NAPL. NAPL plumes in the 

intermediate zone are depicted on Figure 4-5. Apparent NAPL thicknesses in the 

deeper wells ranged fiom 0.75 foot at Monitoring Well PKMW14 to 9.34 feet at 

Monitoring Well PKMWI 1. NAPL specific gravity obtained fiom samples in the 

deeper wells were indicative of a lighter product (0.870 to 0.882). GC 

fingerprinting conducted on NAPL samples fiom Monitoring Wells PKMWI 1 and 

PKMWl2 indicated that the NAPL is similar to jet fbel (Dan Raviv Associates, 

Inc. 1994b). Heavier product (a specific gravity of 0.920) was identified in one of 

the deep monitoring wells (Monitoring Well PKMW14), located at the 

northwestern edge of the plume. This observation may indicate a.different source, 

and a potential mixing zone. A number of historical activities, as well as other 

unknown factors, may be sources of these plumes. 
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Pier No. 1 (includes Helipad Area) 

During the synoptic low-tide groundwater level measuring event, a floating NAPL 

plume (Plume No. 17) was measured in many of the IRM monitoring wells located 

near the old No. 1 Pier and Helipad IRM areas (see Figure 5-5). Apparent NAPL 

thicknesses ranged fiom 0.19 foot at several monitoring wells in the southern and 

southeastern portion of this area to 4.18 feet at Monitoring Well EB12 (see Table 

4-1). NAPL samples obtained fiom four IRM monitoring wells indicated specific 

gravities of 0.885 to 0.995. This range is indicative of a mixture of lube oils and 

heavier fbel oils, such as No. 6 fbel oil. Potential sources of the NAPL identified in 

the Pier No. 1 and the Helipad IRM area could be related to several loadinglfilling 

racks that operated near, north, and east of Monitoring Well EB 12 between 1932 

and 1945 (Geraghty & Miller, Inc. 1994b). The heavier NAPL (specific gravity of 

0.995) was identified at Monitoring Well EB13, located at the western edge of the 

plume. NAPL samples collected as part of the Helipad NAPL IRM investigation 

indicate that the shallow NAPL is primarily composed of base neutral extractable 

compounds and benzene, toluene, and xylene (BTX) compounds. 

This source may be related to two pump houses (No. 3 and No. 22), a loading 

rack, and former ASTs that were in operation between 1921 and 1951 in the area 

of the western portion of this plume (presently near Monitoring Wells EB6 and 

EB13) (see Figure 5-5). Monitoring wells completed in the deeper, confined 

unconsolidated deposits (Monitoring Wells GMMW21I and GMMW21D) did not 

contain floating NAPL, indicating that the NAPL observed in this area is confined 

to the shallow water-bearing zone. Temporary well points and/or soil borings 

completed along the property boundary to the east and at the southern edge of the 

tank field to the north did not contain floating NAPL. This lack of floating NAPL 

indicates that the plume does not extend onto adjacent property to the east and 

also does not extend significantly to the north. However, few data points are 

available to the west and northwest of the plume (see Figure 5-5). 
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A summary of the Phase IA RI findings with respect to the NAPL plumes discussed 

above, and a discussion of NAPL and contaminant fate and transport in the various plume 

areas, is provided in Section 7.0 (Data Evaluation, Hypothesis Development, and 

Conclusions) of this report. 

5.3 GROUNDWATER QUALITY AT THE BAYONNE PLANT 

A total of 48 groundwater samples, including associated QAIQC samples, was 

collected from monitoring wells and drivepoints at the Bayome Plant as part of Phase IA of 

the RI. Groundwater samples collected from 31 monitoring wells were analyzed for TPH, 

TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, and miscellaneous inorganic 

parameters. In addition, groundwater samples collected from 13 temporary drivepoints were 

analyzed for TCL VOCs. Analytical results of groundwater samples for TPH, TCL VOCs, 

TCL SVOCs, TCL pesticides/PCBs, TAL metals, and miscellaneous inorganic parameters are 

provided in Tables 5- 1 1 through 5- 16. The number of groundwater samples from drivepoints 

is relatively small because NAPL was frequently encountered. 

To evaluate constituent concentrations in groundwater underlying the Bayome Plant, 

analytical results were compared to the NJDEP groundwater quality standards. This 

groundwater classification represents groundwater that is suitable for potable water use 

following treatment. As groundwater underlying Constable Hook is not used as a potable 

water supply, the application of these groundwater standards to the Bayome Plant provides a 

very conservative comparison. A summary of the minimum and maximum quantified 

concentration of constituents detected in groundwater and the percentage of samples with 

constituent exceedances is provided in Table 5-17. Exceedances of the groundwater quality 

standards for organic compounds, metals, and inorganic constituents are shown on Figures 5- 

6 and 5-7. It also provides the geometric mean concentration for each constituent for the 

whole site summary section. This methodology was selected over the arithmetic mean 

because the data distributions were not normal and frequently tended to resemble a log normal 
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distribution. It may not be meaninghl for all constituents. The number and distribution of 

data points should be evaluated when using this mean value for decision making. 

The following sections provide a brief discussion of field QNQC groundwater samples 

and laboratory analytical results by fraction. 

5.3.1 Summarv of Field OAIOC for Groundwater Sam~Ies 

The QNQC measures for Phase IA groundwater and drivepoint samples were 

conducted according to the QAPP, as provided in Appendix C of the RI Work Plan (Geraghty 

& Miller, Inc. 1993a) and are consistent with NJDEP guidance (NJDEPE 1992a). Sample 

collection and handling procedures and QNQC sample collection frequency are discussed in 

Section 3.9 (Quality AssurancdQuality Control) and in the RI Work Plan (Geraghty and 

Miller, Inc.1993a). Analytical results for aqueous replicate samples, field blanks, and trip 

blanks associated with the samples collected during the RI are summarized below and are 

discussed in detail in Appendix J. 

Two field replicates were collected in conjunction with drivepoint groundwater 

sampling at the Bayonne Plant. Both replicates were analyzed for VOCs only, similar to 

drivepoint groundwater samples. The analytical results for each replicate were compared 

against the result for its associated groundwater sample to verifjl that the reported values for 

each constituent did not vary by more than 50 RPD (USEPA 1992a). Both sample and 

replicate pairs met the criteria. 

Two field replicates were collected in conjunction with groundwater sample 

collections from monitoring wells at the Bayonne Plant. Samples and field replicates were 

analyzed for the full suite of compounds as well as miscellaneous inorganic parameters (such 

as BOD, COD, nitrate, sulfide, alkalinity, total phosphorus, sulfate, TDS, ammonia, organic 

carbon, and chloride) and dissolved gases (carbon dioxide, carbon monoxide, dissolved 

oxygen, methane, and dissolved oxygen). Both groundwater sampleJreplicate pairs exceeded 
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the standards for some metals and inorganic constituents. The analytical results fiom the field 

replicates associated with the Phase IA monitoring well and drivepoint groundwater sampling 

indicate that, both fiom an overall view and for the sigdicant constituents, the analytical data 

fiom Phase IA water samples are precise. 

Trip blanks were analyzed to determine if contamination was introduced into the 

sample during shipment or storage on-site. Field blank results were analyzed to determine if 

the sampling tools or decontamination techniques affected the integrity of the analytical results 

for samples collected in the field. The analytical results of each field and trip blank were 

compared to the results of all groundwater samples collected on the same day to identifjl 

constituent concentrations in the samples that were potentially raised above the NJDEP 

groundwater standards because of cross-contamination fiom the sampling containers, 

sampling equipment, field conditions, or filtering equipment. 

Five field blapks and five trip blanks were prepared on days when groundwater 

samples were collected fiom monitoring wells at the Bayonne Plant. The field blanks were 

analyzed for the full suite of compounds that samples were analyzed for. The metals analyses 

were for the dissolved constituents only, except for cyanide, which was quantitated as total 

cyanide. Five samples were analyzed for both dissolved and total metals to satisfjl NJDEP 

requirements according to the Field Verification Procedures and Analysis Plan (Geraghty & 

Miller, 1993b). The field blank associated with these samples was also analyzed for both 

dissolved and total metals. Trip blanks were analyzed for TCL VOCs plus site-specific 

compounds. Dissolved metals, phthalates, and common VOC laboratory contaminants were 

detected in all the field blanks at low concentrations, but these detections are not believed to 

have any significant effect on sample results. Two field blanks were reported with low 

concentrations of two pesticides, but these results did not impact the sample results. Acetone, 

methylene chloride, and chlorobenzene were detected in the trip blanks at low concentrations. 

In general, the analytical data for field blanks and trip blanks prepared on days when 

groundwater samples were collected fiom drivepoints and monitoring wells at the Bayonne 
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Plant indicate that the data are useable and that no significant cross-contamination occurred 

during sampling activities or decontamination procedures. 

5.3.2 Groundwater Sam~line Laboratow Analytical Results 

As part of Phase IA of the RI, a total of 48 groundwater samples was submitted to the 

laboratory for analysis. These samples included groundwater samples collected fiom 31 

monitoring wells, 13 drivepoints, and four field replicate groundwater samples. Groundwater 

samples from 21 Phase IA monitoring wells and ten existing monitoring wells were analyzed 

for TPH, TCL VOCs, TCL SVOCs, TCL pesticides/PCBs, TAL metals, and miscellaneous 

inorganic constituents. Groundwater samples from monitoring wells containing NAPL were 

not submitted for laboratory analysis due to the obvious presence of floating petroleum 

hydrocarbons. Analytical results of groundwater samples collected from monitoring wells 

were used to evaluate the groundwater quality in three different hydrostratigraphic zones. 

These samples consisted of the following: 24 groundwater samples from wells screened in the 

shallow overburden (primarily fill), three groundwater samples fiom intermediate overburden 

wells, and four groundwater samples collected from monitoring wells screened in the deep 

overburden, immediately above the bedrock. 

5.3.2.1 Total Petroleum Hydrocarbons in Groundwater 

Of the 31 groundwater samples collected from monitoring wells and analyzed for 

TPH, 30 of the samples (97 percent) exceeded the groundwater quality standard of 1 

milligram per liter (mg/L) for TPH (Table 5-1 1). TPH concentrations in groundwater samples 

collected during the Phase IA RI are provided in Table 5-1 1. 

All 24 groundwater samples collected fiom shallow overburden monitoring wells 

exceeded the groundwater quality criterion for TPH. ' TPH exceedances ranged fiom 4.25 to 

121 mg/L in groundwater samples from shallow wells (Figure 5-6). TPH exceedances are 

widespread and are indicative of the long history, the site-wide refinery and petroleum storage 
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operations, and the permeable nature of the cinder fill materials used over significant areas of 

the Site. Seventeen of the 24 shallow groundwater samples had TPH concentrations ranging 

from 4.25 to 25 m a .  The highest concentrations of TPH were reported in Monitoring Wells 

GMMW3, GMMW 10, and GMMW 15 at 42.1 mg/L, 121 m a ,  and 40.2 mg/L, respectively. 

The highest TPH concentrations were found in the vicinity of the General Tank Field, the 

MDC Building Area, and the Asphalt Plant Area (Figure 5-6). 

TPH exceeded the groundwater quality criterion of 1 mg/L in the samples from the 

three intermediate monitoring wells (Figure 5-6). TPH concentrations of 1.85 m a ,  3.37 

m a ,  and 14.1 m a  were reported in intermediate Monitoring Wells GMMW211, 

GMMW231, and GMMW241, respectively. 

TPH was detected in three of the four deep overburden monitoring well's sampled 

(Figure 5-6). Groundwater samples collected tiom Monitoring Wells GMMW22D, 

GMMW23D, and GMMW24D had concentrations of TPH bslightly exceeding the 

groundwater quality criterion. TPH concentrations in these samples were reported at 1.1 

mg/L, 1.1 5 mg/L, and 3.08 m a ,  respectively. 

The relatively lower TPH concentrations detected in the intermediate and deep 

overburden monitoring wells compared to the TPH concentrations in the shallow zone may be 

indicative of one or more of the following: background groundwater quality, limited 

downward migration of petroleum hydrocarbons fiom the shallow zone, and interconnection 

between the surrounding waterways and the intermediate and deep hydrogeologic zones. 

5.3.2.2 Volatile Organic Compounds in Groundwater 

Of the 48 groundwater samples collected fiom monitoring wells and drivepoints and 

analyzed for TCL VOCs, 26 samples (54 percent) exceeded the NJDEP groundwater quality 

standards for one or more VOCs (Table 5-1 1). VOC concentrations in groundwater samples 

collected during the Phase IA RI are provided in Table 5-1 1. Thirteen VOCs exceeded the 
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groundwater quality standards in at least one sample. The bulk of the exceedances were for 

petroleum hydrocarbon constituents, such as benzene, chlorobenzene, and xylene. Benzene 

exceeded the groundwater quality criterion at a frequency of approximately 4 1 percent. 

Of the 37 groundwater samples collected from shallow overburden monitoring wells 

and drivepoints, 19 samples (51 percent) exceeded the groundwater quality standards for 

VOCs. Exceedances were reported for one or more monitoring wells in the Lube Oil Area, 

Main Building Area, Exxon Chemicals Plant Area, Utilities Area, General Tank Field, Low 

Sulhr and Solvent Tank Fields (Tank 1066 area), and Pier No. 7 Area (Figure 5-6). In many 

of these areas, concentrations of dissolved benzene in the groundwater were located 

downgradient or in the vicinity of floating NAPL plumes. The greatest number of 

exceedances were for benzene, chlorobenzene, and xylenes. At Monitoring Well MW6, 

located immediately downgradient of the Low Sulhr Tank Field, 1,Z-dichloroethene 

(1,2-DCE) and vinyl chloride were reported in exceedance of the NJDEP standards. 

Groundwater samples collected fiom the three intermediate overburden monitoring 

wells at the Bayome Plant exceeded the NJDEP groundwater quality standards for one or 

more VOCs. Benzene and 2-butanone (MEK) exceeded the groundwater quality standards in 

Monitoring Wells GMMW23I and GMMW241, respectively (Figure 5-6). Benzene and 

several chlorinated VOCs were reported in Monitoring Well GMMW22I in the Pier No. 1 

Area. These chlorinated VOCs were 1,2-DCE, tetrachloroethene (PCE), trichloroethene 

(TCE), and vinyl chloride. The source of these constituents is not known. 

VOCs exceeded the NJDEP groundwater quality standards in groundwater samples 

collected from the four Phase IA deep overburden monitoring wells at the Bayome Plant. 

Chloroform andlor bromodichloromethane exceeded the groundwater quality standards in 

Monitoring Wells GMMW22D, GMMW23D, and GMMW24D (Figure 5-6). Acetone 

exceeded the groundwater quality standards in Monitoring Well GMMW21D. The source of 

these VOCs in the deep overburden zone is not known. 
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5.3.2.3 Semivolatiie Organic Compounds in Groundwater 

Of the 3 1 groundwater samples collected from monitoring wells and analyzed for TCL 

SVOCs, six samples (19 percent) exceeded the NJDEP groundwater quality standards for one 

or more SVOCs (Table 5-12). SVOC concentrations in groundwater samples collected 

during Phase IA of the RI are provided in Table 5-12. SVOCs that exceeded the criteria 

consisted of 1,4-dichlorobenzene, naphthalene, 2,4-dimethylphenol, 2-methylnaphthalene, and 

pentachlorophenol. Naphthalene most frequently exceeded the groundwater quality criterion. 

SVOC exceedances for groundwater samples collected during the Phase IA RI are shown on 

Figure 5-6. 

Of the 31 samples analyzed for TCL SVOCs, four samples from shallow monitoring 

wells exceeded the NJDEP groundwater quality standards. Naphthalene exceeded the 

standard in one monitoring well in each of the following areas: the Asphalt Plant Area, the 

No. 2 Tank Field, and the Low Sulfbr and Solvent Tank Fields (Figure 5-6). 1,4- 

dichlorobenzene exceeded the standard in Monitoring Well GMMW3 in the Asphalt Plant 

Area. 2,4-Dimethylphenol and 2-methylnaphthalene exceeded the NJDEP groundwater 

standard in Monitoring Well MWlO in the Solvent Tank Field. 2-Methylnaphthalene 

exceeded the standard in Monitoring Well GMMW2 in the No. 2 Tank Field. These SVOCs 

were detected in the vicinity of floating NAPL plumes in the Asphalt Area and the Tank 1066 

Area and may be associated with the dissolution of floating NAPL constituents into the 

groundwater. 

Of the three groundwater samples collected from intermediate monitoring wells at the 

Bayonne Plant, one sample from Monitoring Well GMMW21I had a concentration of 

pentachlorophenol in exceedance of the NJDEP groundwater quality standards. 

No SVOCs exceeded the groundwater quality standards in the four deep overburden 

monitoring wells. 
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5.3.2.4 Pesticides and PCBs in Groundwater 

Of the 3 1 groundwater samples collected fiom monitoring wells at the Bayonne Plant, 

two samples (6 percent) exceeded the NJDEP groundwater quality standards for two 

pesticides (Table 5-1 3). No PCBs were detected in the groundwater samples collected as part 

of the Phase IA RI. Pesticide and PCB concentrations in groundwater samples collected 

during the Phase IA RI are provided in Table 5-13. Pesticide exceedances for groundwater 

samples are included on Figure 5-6. 

A total of 24 groundwater samples fiom shallow monitoring wells was analyzed for 

pesticides and PCBs. Of the 24 samples, 4,4'-DDT was reported at a concentration of 0.12 

micrograms per liter (ug/L) in a groundwater sample fiom Monitoring Well GMMW17 in the 

No. 3 Tank Field (Figure 5-6). No other exceedances were reported in groundwater samples 

fiom shallow monitoring wells. 

One pesticide, alpha-BHC, was estimated at a concentration of 5 ug/L in a sample 

fiom one of the three intermediate monitoring wells, Monitoring Well GMMW21I (Figure 

5-6). Pesticides did not exceed the groundwater standards in the other two intermediate 

monitoring wells. 

Pesticides or PCBs were not reported at concentrations exceeding the groundwater 

quality standards in groundwater samples collected fiom the four Phase IA deep overburden 

monitoring wells. 

5.3.2.5 Metals in Groundwater 

Thirty-one groundwater samples were collected fiom monitoring wells at the Bayome 

Plant as part of the Phase IA RI; these samples were filtered in the field and analyzed for TAL 

metals. The resulting data represent dissolved metals in the groundwater. In addition, five of 

the 3 1. groundwater samples (16 percent) were submitted to the laboratory in unfiltered form 
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to assess the relative concentration of total metals in groundwater. Iron and manganese were 

analyzed for total and dissolved metals for 27 of the 31 groundwater samples. Analytical 

results of total and dissolved metals in groundwater samples are provided in Tables 5-14 

through 5-15. Exceedances of total and dissolved metals in groundwater samples are shown 

on Figure 5-7. 

Of the 31 groundwater samples analyzed for TAL metals, 29 of the samples had 

exceedances of one or more dissolved metals (Figure 5-7). Iron and manganese were the 

most fiequent exceedances of the NJDEP groundwater quality standards. Elevated 

concentrations of dissolved iron and manganese in almost all of the groundwater samples 

analyzed are likely indicative of background or regional groundwater quality conditions. 

Twenty-four groundwater samples collected fiom monitoring wells screened in the 

shallow overburden were analyzed for TAL dissolved metals. Exclusive of the widespread 

exceedances of iron and manganese, 20 of the 24 samples exceeded the groundwater quality 

standards for one or more other dissolved metals. Dissolved sodium andlor aluminum 

exceeded the groundwater criteria in 16 of the 24 samples. These exceedances are probably 

indicative of background groundwater quality. Dissolved lead and arsenic exceeded the 

criteria at fiequencies of approximately 6 and 23 percent, respectively. Dissolved lead and 

arsenic exceedances occurred in one or more shallow monitoring wells in the General Tank 

Field, Asphalt Plant, No. 2 Tank Field, Lube Oil Area, and Pier No. 1 Area (Figure 5-7). 

Dissolved chromium exceeded the NJDEP groundwater quality standards at three locations. 

These locations were Monitoring Well GMMW17 in the No. 3 Tank Field, Monitoring Well 

MW6 in the Low Sulhr Tank Field, and Monitoring Well EBR19 in the Pier No. 6 Area. 

Shallow Monitoring Wells MW6 and EBR19 in the vicinity of the Low Sulhr Tank 

Field and Pier No. 6 areas revealed sporadic exceedances of additional dissolved metals 

(Figure 5-7). These additional metals consisted of antimony, beryllium, cadmium, cobalt, 

nickel, and verillium. The source of these miscellaneous metals may be related to the former 

Case & Can Plant, which was historically located in the MDC Building and Pier No. 6 Areas. 

~ ~ j c d ~ \ n j O 2  12.041\003\Bynlnt05.Qc 

GERAGHTY B MILLER, INC. 



Groundwater samples collected fiom the three Phase IA intermediate wells at the 

Bayonne Plant exceeded the groundwater quality standards for the similar suite of metals 

reported in shallow overburden wells (Figure 5-7). Exclusive of iron and manganese, which 

were also elevated in the intermediate wells, there were exceedances for dissolved arsenic, 

sodium, and lead. Monitoring Well GMMW241, in the Pier No. 6 Area, exhibited additional 

dissolved metals, specifically antimony, beryllium, cadmium, chromium, cobalt, and nickel. 

Exceedances of one or more dissolved metals were reported in groundwater samples 

collected fiom the four deep overburden monitoring wells installed as part of the Phase IA RI. 

Two of the four monitoring wells exceeded the groundwater standards for dissolved iron and 

manganese. A groundwater sample from Monitoring Well GMMW2lD exceeded the criteria 

for dissolved aluminum and sodium. Monitoring Well GMMW23D exceeded the 

groundwater criteria for dissolved sodium and arsenic. 

5.3.2.6 Miscellaneous Inorganic Compounds in Groundwater 

Groundwater samples collected from 27 monitoring wells during Phase IA of the RI 

were analyzed for miscellaneous inorganic compounds. Groundwater samples were collected 

fiom ten shallow Phase IA monitoring wells, ten existing shallow monitoring wells, three 

intermediate monitoring wells, and four deep overburden monitoring wells. Miscellaneous 

inorganic compounds consisted of various wet chemistry parameters and intrinsic biological 

parameters, which included dissolved gases. Concentrations of inorganic compounds for each 

of the groundwater samples analyzed are provided in Table 5-16. 

Chloride concentrations in groundwater samples ranged fiom 5.47 to 11,300 mg/L. 

Approximately 11 of the 27 groundwater samples exceeded the groundwater quality standard 

of 250 mg/L for chloride. TDS concentrations in groundwater samples ranged fiom 106 to 

4,630 mg/L. Approximately 11 of the 27 groundwater samples exceeded the NJDEP standard 

of 500 mg/L. Overall, approximately one-third to one-half of the Bayonne Plant exceeds the 
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criteria for both chlorides and TDS, as would be anticipated for a peninsular setting 

surrounded by the tidal estuaries of the Kill Van Kull and Upper New York Bay. However, 

these concentrations are not representative of Class III A groundwater. The minimum 

concentrations for Class III A groundwater are 3,000 mgL for chloride and 5,000 mgL for 

TDS. 

Of the 20 groundwater samples collected fiom shallow monitoring wells, 

approximately ten samples (or 50 percent) had DO concentrations greater than 2 mgL. DO 

data from shallow monitoring wells at the Bayonne Plant where NAPL and dissolved phase 

petroleum hydrocarbon constituents have been reported, indicate that site conditions are 

favorable for both aerobic and anaerobic biodegradation. Areas where groundwater has not 

been heavily impacted by organic contaminants tend to reflect moderate to high 

concentrations of DO. Case studies and the literature have shown that if sufficient DO (i.e., 

greater than 1 to 2 m a )  is present in groundwater, aerobic biodegradation can degrade 

petroleum hydrocarbons at relatively higher rates than those achieved anaerobically 

(McAllister & Chiang 1994). Examples of such areas are Monitoring Wells EB29, EBl, and 

GMMWI 1. In areas of the plant that have sustained a higher degree of impact, the DO level 

has been depressed. Groundwater samples collected from intermediate and deep overburden 

wells generally yielded DO concentrations of less than 2 m a .  When DO concentrations are 

depleted to less than 1 mg/L, anaerobic conditions prevail, and biodegradation of petroleum 

hydrocarbons can occur at relatively lower rates provided that nitrates, sulfates, or iron 

(ferrous iron) are available as electron acceptors. Examples of such areas are Monitoring 

Wells PKMW4, EBR13, and GMMW13, where DO levels are less than 1 m a .  These 

monitoring wells are located in areas where floating NAPL andlor dissolved phase 

contaminants are present in groundwater. 

Ammonia concentrations in groundwater samples range fiom 0.136 to 5.01 m a .  The 

NJDEP groundwater quality standards for ammonia is 0.5 m a .  Of the 27 groundwater 

samples analyzed, 15 samples exceeded the standard for ammonia. 
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Concentrations of sulfate range from 12.5 to 1,840 m a .  Approximately 3 of the 20 

groundwater samples collected fiom shallow monitoring wells exceed the NJDEP standard of 

250 mg/L for sulfate. One of the three groundwater samples from intermediate wells, and 

three of the four groundwater samples fiom the deep overburden monitoring wells, exceeded 

the standards for sulfate. Concentrations of nitrate ranged from 0.063 to 3.2 mg/L. Nitrate 

concentrations were well below the NJDEP groundwater standard of 10 mg/L for nitrate. 

Nitrate and sulfate are electron acceptors that support the anaerobic biodegradation of 

contaminants. Concentrations of these analytes may be depressed as a result of anaerobic 

biodegradation processes. Examples of this are groundwater samples fiom Monitoring Wells 

MW6 and MWlO, which exhibit relatively lower concentrations of sulfate and nitrate. 

Certain anaerobic bacterial processes involved in the breakdown of organic 

compounds produce methane. Methane is commonly present in groundwater in reduced 

geochemical systems. Methane was detected in 16 of the 20 shallow monitoring wells 

sampled at concentrations ranging from 0.3 to 13.4 m a .  Methane concentrations in 

groundwater samples from intermediate monitoring wells ranged from 0.3 to 3 mg/L, while 

methane was not detected in deep overburden monitoring wells. 

TOC and COD provide a relative indication of the organic load to groundwater. COD 

values for groundwater samples from shallow monitoring wells ranged fiom 86 to 800 m a .  

TOC concentrations in the shallow zone ranged from 9.4 to 100 mg/L. Although the 

intermediate and deeper overburden zones indicate higher concentrations of COD, lower 

concentrations of TOC are manifested in these zones compared to the shallow overburden. 

Higher TOC in the shallow zone may be derived fiom organic contaminants in the shallow 

zone. Relatively higher COD in the intermediate and deep zones may be caused by anaerobic 

conditions that facilitate reduction of inorganic components in the water. These compounds 

may exert a high oxygen demand during COD analysis. 

BOD5 concentrations range from 6.4 to 74 mg/L for groundwater samples fiom 

shallow monitoring wells. Higher BOD5 concentrations of 17 to 700 mg/L and 420 to 1,600 
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mg/L were reported for monitoring wells screened in the intermediate and deep overburden. 

The generally lower levels of BODs in the shallow wells may be caused by the presence of 

elevated metals, potentially suppressing microbial activity of the test seed stock. 

5.3.2.7 Field Parameters for Groundwater Samples 

Field parameters were measured and recorded for groundwater samples fiom 25 

shallow monitoring wells, three intermediate monitoring wells, and four deep monitoring wells 

during Phase IA of the RI. Measurement of field parameters was conducted concurrent with 

groundwater sampling activities on January 23 through January 27, 1995. Field parameters 

consisted of temperature, specific conductance, pH, DO, and redox potential. The parameters 

were recorded using a downhole probe, which was used to measure the parameters at 

approximately 2-foot intervals throughout the screened interval of each monitoring well. 

Measurement of the field parameters was conducted prior to and following monitoring well 

purging. Of the measurements recorded, the values recorded at the base of the water column 

in each monitoring well following purging were considered most representative of actual in- 

situ groundwater conditions. A summary of these field parameters is provided in Table 5-18. 

Additional field parameter data are included in Appendix 0 .  

The temperature of the groundwater underlying the Bayome Plant ranged from 

approximately 49 to 63 degrees Fahrenheit ("F). These temperatures are within the normal 

range for groundwater. 

The pH for naturally occurring groundwater ranges fiom 6.0 to 8.5. The pH of 

groundwater underlying the Bayonne Plant was generally within this range. Lower pH values 

of 4.4 and 4.91 were measured in deep intermediate monitoring wells GMMW21D and 

GMMW22D. Higher pH values of 8.61 and 9.63 were-measured for samples from shallow 

monitoring wells GMMWl and GMMW2. Local variations in pH may be due to a number of 

factors, including oxidation reactions and to the aerobic biodegradation process, resulting in 

the production of carbon dioxide. 
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Specific conductance of groundwater is an indication of ion concentration. Specific 

conductance of groundwater samples collected from shallow, intermediate, and deep 

monitoring wells at the Site ranges fiom 100 to 9,280 micromhos per centimeter (umhodcm). 

These values are similar to those for fiesh to slightly brackish water. A typical specific 

conductance value for sea water is 50,000 urnhodcm. Local variations in specific 

conductance are likely to be due to variations in chloride, sulfate, nitrate, and hardness 

content. 

DO concentrations of groundwater samples collected from shallow monitoring wells 

ranged fiom 0.39 to 11.73 mg/L. Approximately 15 of the 25 groundwater samples fiom 

shallow monitoring wells had DO concentrations of greater than 2 mg/L. Intermediate and 

deep overburden monitoring wells exhibited DO concentrations of less than 2 mg/L. Local 

variations in DO may be due to oxidation-reduction chemical reactions andlor may be 

indicative of active aerobic or anaerobic biodegradation processes. The field DO 

measurements are relatively consistent with those reported by the laboratory for groundwater 

samples. 

Redox potential is a numerical index of the intensity of oxidizing or reducing 

conditions within a groundwater system. A positive value indicates a relatively oxidizing 

system, while a negative value indicates a relatively reducing system. Of the 25 shallow 

monitoring wells, 17 yielded negative values for redox potential. The three intermediate 

monitoring wells and two of the four deep overburden monitoring wells also indicated 

negative redox potential values. Thus, the results indicate that the majority of the shallow 

groundwater underlying the Site is under relatively reducing conditions, strongly implying that 

intrinsic bioattenuation processes are active at the Bayonne Plant. The intermediate and deep 

zones also appear to be reducing environments, perhaps because of the unavailability of 

oxygen in deeper zones. 
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6.0 OVERVIEW OF CONSTITUENT AND SITE PROPERTIES AFFECTING 
FATE AND TRANSPORT 

Migration of the constituents detected at the Site is dependent on the physical and chemical 

properties of the constituents and the characteristics of the surround'ig environment. This section 

discusses the composition of the petroleum hydrocarbons; the physical and chemical properties of 

the constituents; and the influence of those properties on the potential for migration in soil, 

groundwater, and air. This information will be used in the risk assessment to identi& exposure 

pathways and to evaluate potential human health and environmental effects fiom exposure to the 

constituents of potential concern. 

6.1 CHEMICAL STRUCTURE OF CONSTITUENTS DETECTED 

The constituents detected in environmental media at the Site can be classiified into several 

groupings. The basic groups are VOCs, SVOCs, pesticides/PCBs, and inorganics. Within each of 

these groups, the constituents can be classified into categories according to their similarity in 

chemical structure andlor physical-chemical properties (factors that influence mobility in the 

environment). The constituent categories and the constituents within each category that were 

detected at the Site at concentrations above the NJDEP non-residential and/or impact to 

groundwater soil cleanup criteria, and in groundwater above the NJDEP groundwater standards, 

are listed below. The metals shown with an asterisk in this list are those that were reported at 

concentrations of more than ten times the non-residential soil cleanup criteria. 

Constituents in Soil 

Monocyclic aromatics: Benzene, chlorobenzene, 1,2-dichlorobenzene, 1,4- 

dichlorobenzene, and xylenes. 

PAHs: Benu>(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 

benzo(a)pyrene, chrysene, dibenzo(a,h)anthracene, indeno(l,2,3-cd)pyrene, pyrene, 

and naphthalene. 
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Pesticides: 4,4-DDD, 4,4-DDT, dieldrin. 

Inorganics: Arsenic*, beryllium, chromium, copper*, lead*, nickel, thallium, zinc, and 

chromium (although chromium does not have a cleanup criterion, its presence at the 

site warrants discussion). 

Constituents in Groundwater 

Halogenated aliphatics: Bromodichlomethane, chloroform, 1,2-DCE, methylene 

chloride, PCE, TCE, and vinyl chloride. 

Monocyclic aromatics: Benzene, chlorobenzene, 1,4dichlorobenme, ethylbenzene, 

and xylenes. 

Ketones: Acetone and MEK. 

PAHs: 2-Methylnaphthalene and naphthalene. 

Phenols: 2,4-Dimethylphenol and pentachlorophenol. 

Pesticides: alpha-BHC and 4,4-DDT. 

Inorganics: Arsenic, antimony, beryllium, cadmium, chromium, cobalt, lead, and nickel. 
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6.2 PHYSICAL AND CHEMICAL PROPERTIES INFLUENCING 
I CONSTITUENT MIGRATION 

The environmental fate and transport of constituents are dependent on the physical and 

chemical properties of the constituents, the environmental transformation processes affecting them, 

and the media h u g h  which the constituents are migrating. This section will describe the primary 

physical and chemical properties that affect the fate and transport of the constituents. Key chemical 

and physical properties discussed in this section include water solubility, s p d c  gravity, volatility, - 

organic-carbon partition coefficient &), soil distribution coefficient (k), octanol-water partition 

coefficient (&), and half-lives. Physical and chemical properties of the organic constituents are 

summarized in Table 6-1. The properties most often used to calculate K,+ for organic constituents 

are the K,, which measures the sel&e aflinity for soil organic carbon versus water, and the 

fraction of organic carbon Cf,) in soil. In the absence of site-specific data, the K,+ is expressed as 

the product of the K, and f, (USEPA 1989). The coal-derived cinders in the fill and the peat 

deposits under the fill at the Site are materials typically posessing relatively high f, values. 

Solubities of organic chemicals range from the low microgram per liter range to miscible, 

with most common organic chemicals having solubilities between 1 and 1,000,000 mgL (Lyman et 

al. 1990). The ketones (acetone and MEK) are the most soluble constituents detected. The other 

VOCs are soluble, although to a lesser extent. The SVOCs tend to be less soluble; hence, there are 

fewer SVOCs detected in groundwater. None of the PAHs observed in soils, except naphthalene, 

was observed in the groundwater above the applicable NJDEP standards. 

Organic compounds with Henry's law constants in the range of atmospheres-cubic 

meter per mole (atm-m3/mol) and greater, and with molecular weights equal to, or less than, 200 

grams per mole (gfmol) can be expected to readiiy volatilize fiom water (i.e., VOCs). Organic 

compounds with values ranging from to lo-' atm-m3/mol are associated with possibly 

significant, but not facile, volatilizattion, while compounds with values less than lo-' atm-m3/mol 

will only volatilize slowly fiom water and to a limited extent. The VOCs, with the exception of 

acetone and MEK, are expected to volatilize fiom water. Most of the other constituents detected 
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are not expected to volatilize to an appreciable extent. Volatilization is the major removal 
/I 

mechanism fiom soil and surface water, and oxidation is the primary mechanism for atmospheric 
- destruction of the monocyclic aromatic constituents. 

The Id, often is used to estimate the extent to which a constituent will partition fiom water 

into lipophilic parts of organisms, such as animal fat. Similarly, the K, reflects the propensity of a 

compound to adsorb to the organic matter found in soil or sediments. The bioconcentration factor 

(BCF) is the ratio of the concentration of the constituent in fish tissue to its concentration in water. 

As a group, the VOCs have low values of L, Id, and BCF, indicating a tendency not to 

partition to soil fiom water. The SVOCs (PAHs) have higher values of Id,, K,, and BCF and 

have strong tendencies to partition to soil, depending in part on the organic matter content of the 

soils and available pathways. PAHs sorb strongly onto soil particles and are therefore observed in 

soils. Once sorbed to soil particles, mobility of PAHs is limited. In general, as the molecular weight 

increases, water solubiity decreases. Biodegradation and biotransformation are the ultimate fate 

processes for PAHs in soil. 

Adsorption potential typically is expressed in terms of a partition coefficient K, or &. 

Higher values of K, (greater than 10,000 milliliters per gram [mLlg]) indicate a greater potential 

for the constituent to adsorb to organic carbon in soil and aquifer materials. Constituents with low 

K, values (less than 1,000 d g )  do not adsorb strongly to soil and aquifer materials (Ney 1990). 

Values of K, are shown in Table 6-1, and the values typically are based on several different types 

of studies or element-specific parameters. The VOCs are characterized by low L s .  These 

constituents do not tend to adsorb readily to organic soil or aquifer materials, and thus are 

characterized by high mobiity in the environment. The other constituents, including the 

components of weathered petroleum hydrocarbon, are not expected to be as mobile as the VOCs. 

The occurrence of subsurface materials with high f, under most of the Site would tend to increase 

the & for all organic compounds and would reduce their mobiity. 

Persistence is a measure of the time constituents prevail in the environment and is 

commonly expressed in terms of half-lives (Tm) for s p d c  environmental media The half-life of 
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a constituent is the period of time required for one-half of the mass of a compound to be 
; transformed into other constituents fi-om the time of its introduction to the environment. Half-lives 

of the detected constituents are presented in Table 6-1 in ranges because the rate of degmhon 

varies according to site-specific environmental conditions and concentration. Half-lives may be 

used to characterize the relative persistence of a constituent in various environmental media. The 

more persistent compounds detected at the Site include some of the PAHs [benzo(a)anthracene, 

benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(a)pyrene, and pyrene] and the chlorinated 

aliphatics [TCE, PCE, 1,2-DCE, and vinyl chloride]. 

The inorganic constituents are not included in Table 6-1 because their properties are 

dependent on the form of the element. In soil, metals typically have very low mobilities, 

particularly under neutral or alkaline conditions. In addition, inorganic metal ions are not volatile. 

Metals in the soil tend to adsorb to soil particles, but may be desorbed when the conditions of the 

water moving through the soil are appropriate (primarily changes in pH and oxidation-reduction 

potential). Rain water is generally acidic due to the presence of carbon dioxide and industrial 

activity in the region. Therefore, the potential exists for inorganic constituents to migrate to some 

extent into groundwater. Once in groundwater, the inorganic constituents may be removed fi-om 

the dissolved phase through reactions with ions of an opposite charge in the soil matrix. Since the 

inorganic elements do not degrade, the loss mechanisms are limited by such chemical interactions. 

The mobiIity of inorganics depends on the soil bulk density, surface area, particle-sii 

distniution, pH, redox status, ion exchange capacity, amount of organic matter, type and amount 

of metal oxides, and type and amount of clay materials. Soil pH is the property that most 

influences inorganic mobility. Cationic metals tend to be m o b i i  at low pH. The amount of 

organic matter, fi-ee iron oxides, and cation exchange capacity can si@cantly affect the amount of 

inorganics retained. 

The & for inorganics provides a general indication of potential subsurface migration. 

Beryllium, chromium (as chromium3'), lead, and thallium have high & values (650 to 1,500 d g )  

indicating relatively low mobility through soil. The & values for arsenic, hexavalent chromium, 
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copper, nickel and zinc are lower (5 to 40 d g ) ,  indicating greater potential mobiity. The 

different characteristics of the geologic strata beneath the Site result in different inorganic 

mobiies. For example, deposits of materials with relatively low hydraulic conductivities, such as 

cinders in the fill and the undertying marsh and related clay deposits beneath the Site, tend to 

reduce the mobility of inorganics. Because of the heterogeneity of the fill materials and the varying 

organic content of the subsurface deposits, it is very diicult to predict specific mobiities through 

the diierent deposits under the Site. However, a general discussion of the mobiity of antimony, 

arsenic, be'yliurq zinc, cadmium, chromium, cobalt, copper, lead, nickel and thallium is provided 

in the following paragraphs. 

Antimony is present as the oxide or antirnonite salt in most natural waters. In reducing 

environments, volatile stibine (SbH3), which is a gas at room temperature and quite soluble in 

water, may be formed. It is, however, unstable in aerobic waters or air and is oxidized to form the 

oxide. Sorption to clays is the most important mechanism, resulting in the removal of antimony 

fiom solution, thus reducing the aqueous transport of antimony. 

Arsenic has many forms, but most commonly appears as anions in the environment. The 

most common forms are arsenite (H2As03- or HAsm and arsenate (H2AsOi or HASO:]. 

Unlike the ten cations discussed above, ion exchange of arsenic in soil is limited, although some 

positively charged sites on soils can retard the migration of arsenic species. Also, adsorption of 

arsenic anions is increased and, therefore, mobiity d e c r d  at lower pH levels (that is, pH in the 

range of 3 to 7). 

Beryllium (Be2') and zinc ( ~ n + ?  are divalent cations at low to moderate pH values in the 

environment. They do not form as many low solubiity salts as lead; but as doubly charged cations, 

they undergo attenuation in soil through ion exchange reactions that are Grly strong. Beryllium is 

chemically s i i a r  to aluminum and therefore is expected to adsorb to clay particles. Z i c  also 

complexes with clay, organic matter, and metal oxides. 
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Cadmium is found in the divalent (cd2') state with pH controlling the speciation in water. 

Waters with pH values below 7 (acidic conditions) are more prone to leach inorganics. Higher pH 

values (basic conditions) usually result in decreased leaching potential and may also cause increased 

precipitation of metals as oxides and hydroxides. Cadmium is among the most mobile of the heavy 

metals, and its mobility depends more on sorption processes. Sorption of cadmium is influenced by 

the clay and metal oxide content of the soil and sediments. 

Chemical speciation is critical in determining the fate and transport of chromium. 

Chromium in soil or water exists in either a trivalent (c?? or hexavalent ( ~ r ?  oxidation state, 

depending on the presence of reducing agents. Hexavalent chromium is more commonly 

associated with residues fiom industrial processing of chromium and is soluble with adsorption to 

soil being an insignificant fate pathway. The presence of estuarine sediments can remove ~ r 6 '  fiom 

solution by a two-step process: reduction of crG to cJ' followed by adsorption of C? to the 

sediments. Dominant fhte processes of trivalent chromium include reaction with aqueous 

hydroxide ions to form an insoluble precipitate (chromium hydroxide) and adsorption of dissolved 

chromium to soil particulates and sediments. Consequently, migration of trivalent chromium is 

limited. 

Cobalt is a relatively rare metal and its mobility is controlled by adsorption. This is 

governed by pH, redox potential, and concentration. Cobalt forms ionic chloride complexes in 

saltwater that are readily adsorbed to sediments. Elemental cobalt is otherwise relatively u n r d v e  

and is quite stable in water. 

Copper, also a divalent cation (cu2?, is more immobile than lead. It does not form as 

many low-solubility salts, but through ion exchange, it is very strongly held to soil and organic 

matter particles. In addition, above approximately pH 7, substantial amounts of immobile solid 

copper hydroxide [Cu(Om] forms. 

Lead is especially slow moving because of two important mechanisms. First, many salts of 

lead (for example, lead sulfate) have low solubilities; the presence of any number of negatively 
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charged ions (anions) in soil can result in the creation of immobile lead salts. Second, lead is a 

divalent cation (Pb2') and has a very high afijnity for ionexchange sites present on the s u h  of 

many soil fractions, including natural organic matter particles. This ion-exchange reaction will hold 

lead in place close to the source area. Soluble organic acids, such as might be found in the 

meadow mat, could increase the solubiity of lead and other cations. 

Nickel is usually found in the divalent state and forms salts with suKate, chloride, 

nitrate, carbonate, oxide, hydroxide, and organic ligands. These salts are sufficiently soluble under 

aerobic conditions and pH below 9. Fulvic acid and hurnic materials, ubiquitous in natural soils and 

waters, increase the solubility of nickel with adsorption process& being moderately effective in 

limiting the mobility of nickel. 

Thallium 013 is a monovalent cation. Although its migration through soil is slowed 

somewhat by ion exchange, most ion exchange sites on soil and organic matter particles will prefer 

to react with divalent' cations such as lead, copper, benyllium, and zinc, thereby leaving 1'1 in 

solution unless there is excess ion exchange capacity available. Thallium's metallic and cdvalent 

radicals are s i i a r  to lead and, therefore, it is expected to behave in a manner similar to lead. 

For all 1 1 cations listed above, if soil conditions are reducing as is common at the Bayonne 

Plant, and suEde (s? is present, the mobility of the metals will be substantially lowered. All metal 

suEdes have extremely low solubilities in water. 

6.3 COMPOSITION OF PETROLEUM HYDROCARBONS 

TPH is an analytical method that quantifies concentrations of a complex mixture of 

petroleum-derived hydrocarbons. The hydrocarbons fall into four major classes, as follows: 

alkanes or pad5.n~ (straight- or branched-chain hydrocarbons), cycloalkanes (ring structures), 

alkenes (carbon chains with one or more double-bonds), and aromatics (containing benzene-type 

rings) @ergamhi 1992). 
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When TPH enters the soil andlor groundwater, compositional changes referred to as 

weathering begin immediately. Volatilization of the lighter compounds occurs at a higher rate than 

that of heavier compounds, resulting in a shift in the composition of the weathered TPH toward 

heavier compounds. The solubilities of the heavier hydrocarbons are generally lower and the 

adsorption characteristics are stronger than those of the lighter compounds. Therefore, these 

heavier compounds tend to remain adsorbed to soil organic matter for longer periods of time, while 

the more soluble components partition into soil moisture andlor groundwater more quickly and 

more completely. Rates of biotransformation also are dierent; short-chain alkanes generally are 

biodegraded more quickly than aromatics, cycloalkanes, and heavier alkanes (USEPA 1989). The 

net result of these weathering processes is that the TPH concentrations reported fiom older, 

weathered product such as that encountered in parts of the Site will reflect a greater proportion of 

the heavier TPH components than fiesh product. These heavier components are comprised largely 

of cycloakanes and straight-chained and branched-chain alkanes (Andrews and Snyder 1991). 

6.4 BIODEGRADATION OF PETROLEUM CONSTITUENTS AT THE SITE 

Many of the petroleum constituents detected in soil and groundwater at the Site are 

susceptible, to varying degrees, to biodegradation by indigenous bacteria. Biodegradation of 

petroleum constituents in soil is primarily an aerobic .process because of the availability of oxygen 

in soil pores. Biological and chemical processes occumng in soil can be important in determining 

the ultimate hte of the constituents in soils and groundwater at the Site. Microorganisms naturally 

occurring in soils are able to use numerous organic compounds as a food source, degrading the 

components ultimately to carbon dioxide and water (Kostecki and Calabrese 1989). 

In most cases, an organic contaminant is not broken down completely to carbon dioxide 

and water by a bacterium, but is metabolized to an intermediate, which is, in turn, d.egraded further. 

The metabolites isolated depend primarily on the time at which the reaction is stopped. 

The monocyclic aromatics (e.g., benzene) can be degraded aerobically (i.e., in the presence 

of oxygen) in soil (Kostecki and Calabrese 1989). In surficial soil, biodegradation can be relatively 
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rapid, provided adequate amounts of oxygen, moisture, and nutrients (e.g., nitrogen and 

phosphorus) are available. Aerobic metabolism of constituents under these conditions may result in 

the total depletion of oxygen. When this happens, the microorganisms may begin utihhg 

inorganic ions (such as nitrate or d a t e )  as electron receptors and continue aerobic respiration, or 

other types of microorganisms may become active in metabolizing the constituents (USEPA 1989). 

The PAHs also can be biodegraded. Factors contributing to the degree to which 

biodegradation occurs include biodegradabiity rates, production of intermediates, and the effects 

of mixtures. In general, smaller PAHs with two (e.g., naphthalene) or three rings (e.g., 

phenanthrene) are more readily degraded than larger PAHs (McKenna and Heath 1976). 

In groundwater, biodegradation of petroleum constituents can proceed aerobically and 

anaerobically, depending prhady on the availability and replenishment of oxygen. In larger 

portions of the interior of the Site, it is likely that anaerobic processes dominate, as oxygen 

depleted by initial aerobic processes cannot be replenished by the slow groundwater flow rates to 

sustain aerobic degradation. Conversely, the alternative electron receptors needed for anaerobic 

degradation (sulfate, iron, manganese) are in abundant supply in Site groundwater and would be 

replenished at rates sdlicient to sustain anaerobic degradation. In the near-shore zones adjacent to 

the Platty Kill Creek, the Kill Van Kull, and New York Bay, tidal flushing probably replenishes 

oxygen at rates sufficient to maintain aerobic degradation. 

As described in Section 3.0 (Technical Overview - Investigation Methodology) and Section 

5.0 (Phase IA - Findings), groundwater samples collected fiom selected monitoring wells were 

analyzed for a suite of organic and inorganic parameters that are indicators of the potential for, and 

the by-products ofl aerobic and anaerobic degradation. The analytical results are provided in Table 

5-16. The potential for aerobic biodegradation is determined primarily by the availability of DO 

and the redox potential; increases in carbon dioxide could be indicative of active aerobic 

biodegradation. Concentrations of these constituents are evaluated relative to background levela 

andlor pertinent references (McAllister and Chiang 1994; Wiedemeier et. Al. 1994) for assessing 

natural attenuation. 
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The potential for anaerobic degradation is determined by the availability of electron 

receptors such as suIfate, iron, and manganese. All of these are abundant in groundwater under the 

%te (Table 6-1). By-products of anaerobic biodegradation include methane, carbon dioxide, and 

sulfides (reduced fiom &e); the presence of elevated concentrations of these constituents could 

be indicative of active anaerobic biodegradation. 

Background groundwater quality is probably reflected in Monitoring Wells EB-1 and EB- 

29, which had relatively high DO, little or no sulfide, no methane, and moderate to low carbon 

dioxide concentrations. Several monitoring wells appear to show evidence of anaerobic 

biodegradation; these monitoring wells are near the edges of NAPL plumes. These monitoring 

wells, which include Monitoring Wells GMMW3 (Asphalt Plant Area), GMMW9 and GMMW 10 

(General Tank Field), GMMW14, and MW 10 (Solvent Tank Field) are generally characterized by 

elevated methane, carbon dioxide, and sulfide concentrations and negative redox potentials. These 

monitoring wells are also characterized by low or no concentrations of BTEX constituents (except 

for Monitoring Well MWlO), which suggests that anaerobic biodegradation processes are 

destroying dissolved constituents emanating fiom NAPL plumes. More data are required to fully 

assess the extent of these processes around the margins of plumes, best obtained once NAPL 

removal measures are in effect. 

6.5 MECHANISMS OF MIGRATION 

There are several mechanisms by which constituents may migrate through environmental 

media at the Site. Migration into the air can occur via volatilization or fugitive dust emissions, and 

migration &om soil into groundwater can occur by percolation of infiltrating rain water. 

Constituents can dissolve fiom NAPL bodies into groundwater. Dissolved constituents can be 

transported with prevailing groundwater flow. The mechanisms of migration are discussed in this 

section fiom a conceptual standpoint, together with a discussion of constituent persistence and 

transformations that may occur in the source or transport medium. 
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6.5.1 Migration into Air 

The following two processes control migration of constituents into air: (1) Organic 

constituents may volatilize and migrate into the air, (2) constituents adsorbed to surfice soil may 

migrate into the air through the generation of dust either by wind erosion in unpaved areas or by 

mechanical means. Constituents released into the atmosphere are subject to transport and 

dispersion by prevailing winds. Given the operations of the Bayome Plant (i.e., well ventilated 

open areas), there is virtuaUy no potential for volatilized constituents to present a risk to human 

health. 

Fugitive dust emissions fiom wind or vehicle operations could occur fiom unpaved 

portions of the Site and during construction activities. During the entire Cmonth field effort 

conducted for the Phase IA RI, dust monitoring was conducted; the results of the dust monitoring 

indicated that the dust generation at the Site was not a health concern to workers (see Appendix 

G). Constituents with relatively low organic carbon partition coeflicients (K, values less than 

1,000) and moderate to high water solubity (greater than 1 mg1L) are more likely to be associated 

with the water or vapor phases than to remain in soil and, therefore, are unlikely to be present in 

emitted dust. The VOCs fd into this category; therefore, these constituents are not expected to be 

emitted in dust. The heavier fractions of TPH, SVOCs, pesticides, and metals are expected to 

adsorb to soil and hence could be emitted as figitive dust. 

Most of the metals can form insoluble compounds with constituents found in soils or sorb 

onto soil particles. These processes will result in the inorganic compounds remaining in the soil. As 

a result, inorganic constituents could be transported by wt ive  dust. 

6.5.2 Migration in Soil 

Solubity in water, area mididl characteristics (which affect fluctuations in the 

groundwater levels), the tendency to b id  to soil and organic carbon, the type of soil (particle size 

distribution, clay content, f, content, porosity, and permeabiity), and the depth to groundwater 
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are significant fixtors in determining the potential for constituents to be canied &om soil to 

groundwater. The presence of the coalderived cinders under much of the Site may tend to retard 

migration of constituents with high L s .  The more soluble constituents may migrate through soil 

to the groundwater with infiltrating precipitation. Typically, organic constituents with high water 

solubilities and low L s  are partiarIdy susceptible to leaching. The more volatile constituents 

may migrate into air, as discussed in the previous section. In general, the pesticides, the PAHs, and 

the metals detected in soil are not very soluble or mobiie. 

The nature of the site soils significantly aftkts transport within the soil. Clays and certain 

minerals exhibit adsorptive behavior, while organic matter is capable of both adsorption and 

absorption. Coarse siica sands are very poor at sorbing chemicals. Because sorption is an 

equilibrium process, some of the s o M  constituents may "desorb" &om the particles Into the 

dissolved phase, be released into the soil moisture, and be transported with infiltrating precipitation. 

These dissolved constituents then may become sorbed to aquifer materials again, followed by 

dispersion by groundwater transport. The more mobiie constituents are expected to be VOCs and 

the constituents with Iow molecular weight in the TPH mixtures, such as benzene. 

The soils under the Site are composed of predominantly he-grained fill materials with a 

high percentage of coalderived cinders. The peat deposits under the fill have a high percentage of 

clay, silt, and organic matter, and will act to retard constituent migration. 

The transport of the inorganic constituents through soil to groundwater is intluenced by 

soil characteristics and water movement. Soil parameters to be considered are cation and anion 

exchange capacities (i.e., the interaction between positively and negatively charged ions), f, pH, 

oxidation-reduction potential, porosity, and permeability. In general, inorganic constituents with a 

positive charge (cations) will be retarded (sorbed) by clays that exhibit an overall negative charge. 

Arsenic and chromium typically are often present as anions (e.g., arsenates and chromates) and will 

not be retarded by clay as readily as other metals. 
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6.5.3 Dissolution from NAPL 

Depending on their chemical composition, the NAPL bodies delineated under the Site, can 

act as sources of dissolved constituents that can partition to groundwater. Heavier NAPL bodies, 

such as products that have s p d c  gravities characteristic of lube oils and No. 6 fuel oil, do not 

contain constituents that are readii soluble. Lighter fuels, such as kerosene, gasoline, and naphtha, 

could be sources of dissolved constituents that could partition to groundwater, such as benzene, 

ethylbenzene, and xylenes, all of which have been detected in groundwater near NAPL bodies. 

6.5.4 Migration in Groundwater 

Transport of constituents in groundwater is expected to be a primary mechanism of 

transport of the lighter and more soluble constituents detected at the Site. Groundwater transport 

of organic compounds is controlled by many of the same processes discussed in Section 6.5.2 

@figration in Soil). Solubility and sorption are the most important constituent properties aff&g 

leaching and groundwater transport. The moderate to high solubility values and low K, values of 

the halogenated aliphatics, monocyclic aromatics, ketones, naphthalene, and phenols detected in 

groundwater indicate that these constituents tend to dissolve and move with groundwater, and will 

adsorb to aquifer materials only partially, if at all. Constituents migrate in the subsurfice primarily 

in the dissolved aqueous phase. TPH, PAHs, pesticides, and metals have low solubilities and tend 

to sorb to soils; they normally do not dissolve to appreciable concentrations nor migrate with 

groundwater over appreciable distances. Metals with a low Kd value (arsenic, copper, and zinc) 

are potentially more mobile, while those with a high Kd value (berryllium, chromium, lead, and 

thallium) will tend to be more immobile. 

As soluble constituents are transported with groundwater, they are subject to various 

processes that can retard their migration or degrade them completely. The petroleum constituents 

and halogenated aliphatics will be retarded to some extent by adsorption on the finegrained silt and 

clay that compose a large percentage of the fill, and by the txr60-u~ compounds that make up 

the coalderived cinders. Dissolved metals such as lead will also be retarded, given their potential 
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to adsorb to clay particles. As discussed in Section 6.4 ( B i o d m o n  of Petroleum Constituents 

at the Site), there is evidence that biodegradation, particularly anaerobic processes, are destroying 

soluble petroleum constituents as they migrate with prevailing groundwater flow. Finally, given 

that groundwater is discharging ultimately to swface-water bodies, tidal flushing in near-shore 

zones will act to replenish oxygen at rates sd'icient to maintain aerobic biodegradation, which 

would tend to destroy any residual concentrations of soluble petroleum constituents. This process 

will serve to reduce dissolved constituent concentrations before they can ultimately discharge to the 

Platty Kill Creek, the Kill Van Kull Waterway, or New York Bay. 
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In this section, the distribution of contaminants in site media is analyzed, and the 

relationships between conditions in soil, floating NAPL, and groundwater quality are interpreted. 

This analysis and interpretation is based on the characterization of hydrogeologic conditions 

(Section 4.0 physical Setting]); contaminant distribution (Section 5.0 phase IA - Findings]); and 

the processes affecting contaminant fate and transport (Section 6.0 [Overview of Constitueht and 

Site Properties A f f h g  Fate and Transport]). 

A more detailed description of the relationships between soil quality, groundwater quality, 

and NAPL plumes is presented and organized geographically, consistent with the NAPL plume 

description in Section 5.0 (Phase IA Findings). Each area-specific description of relationships is 

followed by a discussion of area-specific contaminant fate and transport. NAPL plume areas with 

higher potential for requiring prompt remediation due to potential off-site impact(s) or other 

concerns are distinguished firom those that are less significant because of their distance firom site 

boundaries or their need for hrther characterization in Phase IB. Potential remedial technologies 

to remove or control the migration of floating NAPL are identified, and data gaps relative to the 

feasibility of potential remedial approaches for NAPL controVremediation are discussed on a site 

wide basis. The primary focus of the discussion herein is NAPL removal, which is a priority not 

only to limit additional migration, but also because the presence of large amounts of NAPL limits 

characterization effectveness for soil and groundwater. 

7.1 SUMMARY OF FINDINGS 

This section presents a broad overview of the analytical findings (soil and groundwater 

quality) and NAPL observations discussed in detail in Section 5.0 (Phase IA - Findings). To 

facilitate the discussion of analytical findings and NAPL observations, Table 7-1 has been 

prepared as a reference. All exceedances are listed in Table 7-1, but only the most important 

exceedances are discussed in this section. Constituents detected above the NJDEP non- 

residential direct contact or impact to groundwater soil cleanup criteria in both surface (0 to 2 
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feet bls) and subsurface (greater than 2 feet bls) soil are presented in Table 7-1. The 
I 

numerical designations of the NAPL plumes observed on the water table, identified during the 

RI and IRM activities, and presented on Figure 5-5 and in Table 5-10, are included for each 

area in Table 7-1. Analytes detected in groundwater above the NJJJEP standards or the 

interim generic groundwater quality criteria (IGGWQC) are also summarized in this table. The 

findings provided in Table 7-1 are presented for ten areas in the Bayonne Plant, the areas 

having geographic continuity and similarities in contamination characteristics. The areas 

discussed below are presented in order from east to west across the Site. 

7.1.1 Soil Oualitv Summary 

The following constituents, listed by frequency of occurrence, were observed above 

the NJDEP non-residential direct contact or impact to groundwater soil cleanup criteria in 

both surface and subsurface soils, on a site-wide basis: TPH, arsenic, and benzo(a)pyrene. 

Other constituents detected above criteria in surface and subsurface soils on a less frequent, 

and area-related, basis included the following: miscellaneous PAHs other than 

benzo(a)pyrene, VOCs (benzene, chlorobenzene, and xylenes), and some metals (lead, copper, 

beryllium, and zinc). Hexavalent chromium was also detected in areas where filling of 

chromate slag historically occurred, but was only detected above the criterion of 100 mgkg in 

soils at three locations. Only one location in the entire Site exhibited a pesticide concentration 

above the criteria, and that was only in surface soil. PCBs were not detected in any soils at 

the Site. 

7.1.2 NAPL Observations Summa- 

Seventeen NAPL plumes were identified during the RI and IRM activities. For 

discussion purposes, a NAPL plume was defined in Section 5.2.2 (Plant-Wide NAPL 

Overview) as an area in which the presence of NAPL was observed in either a temporary well 

point or monitoring well in at least two contiguous locations (see Figure 5-5). The seventeen 

NAPL plumes enumerated on Figure 5-5 include only NAPL observed floating on the water 
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table. A NAPL plume does exist in the intermediate water-bearing zone near the Platty Kill 

Canal; this deeper NAPL plume is depicted in cross-sectional view on Figure 4-5. This plume 

is the subject of a detailed IRM study (Dan Raviv Associates, Inc. 1994b) and Ibf activities 

are ongoing. The plumes identified at the Site and enumerated on Figure 5-5 range in size 

from approximately 0.4 acre (Plume No. 3) to 7.6 acres (Plume No. 4) with apparent NAPL 

thicknesses ranging from 0.11 to 13.6 feet. Apparent thickness should not be confbsed with 

true "formation" NAPL thickness. Typically, in deposits with low hydraulic conductivities 

such as those observed at this site, true NAPL thicknesses are significantly less than apparent 

NAPL thicknesses. Product types have been differentiated based on specific gravity and on 

historical descriptions of tank contents, land use, or other anecdotal information. The 

following inferred product types were observed most frequently across the Site (see Table 

5-10): diesel, No. 2 fkel oil, No. 6 fkel oil, kerosene, and lube oil. 

7.1.3 Groundwater Qualitv Summarv 

The following constituents, listed by frequency of occurrence, were detected above the 

NJDEP standards or the IGGWQC on a site-wide basis: iron, manganese, and TPH. Other 

constituents observed above the standard less frequently, and on an area-specific basis, are as 

follows: VOCs (mostly benzene, chlorobenzene, ethylbenzene, and xylenes), SVOCs 

(generally limited to naphthalene and 2-methylnaphthalene), miscellaneous metals (aluminum, 

arsenic, lead, sodium, cadmium, chromium, nickel, beryllium, cobalt, and vanadium). Of the 

pesticides, alpha-BHC and 4,4'-DDT were observed in only one location each, and PCBs were 

not detected in any of the groundwater samples collected. Several wells exhibited chloride 

and sulfate above the standards, which is consistent with their near-shore location. 

7.2 RELATIONSHIPS BETWEEN CONTAMINANTS AND FATE AND 
TRANSPORT ON AN AREA-SPECIFIC BASIS 

This section addresses the relationship between soil quality, groundwater quality, and 

NAPL observations on an area-specific basis. TPH was the only constituent detected above 
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the soil and groundwater quality criteria on a site-wide basis. Concentrations of TPH were 

often detected significantly above the soil and groundwater quality criterion. These high TPH 

concentrations in soil and groundwater correlate well across the Site. The heavy PAHs 

[benzo(a)pyrene and other multi-ring compounds] that were observed often in soil were not 

observed above NJDEP groundwater quality standards at all in groundwater. With the 

exception of several locations, soil exceedances for metals were not significantly above the 

criteria. Most metal exceedances were no more than twice the cleanup criteria. Metals such 

as arsenic and lead were occasionally observed above the standards in groundwater, but to a 

lesser extent than they were observed in soil. VOCs found in soil were generally also found 

above standards in nearby groundwater but VOCs were more prevalent in groundwater than 

in soil. A discussion of area-specific contaminant fate and transport follows each area-specific 

discussion of contaminant relationships. 

7.2.1 Piers and East Side Treatment Plant Area, and MDC build in^ Area 

contaminant relationships and contaminant fate and transport hypotheses are 

discussed below for the Piers and East Side Treatment Plant Area, and MDC Building Area. 

7.2.1.1 Contaminant Relationships 

As presented in Table 7-1, soil exceedances of TPH were identified in this area during 

the Phase IA RI. The exceedances observed for benzene, chlorobenzene, xylenes, and TPH in 

groundwater are probably a result of dissolution fiom the NAPL bodies identified in the area. 

This dissolution is evidenced by the results of TCL analysis on NAPL samples collected 

during the Pier 7 IRM. These analytical results indicated maximum concentrations in the 

NAPL of 22,000 ug/L for benzene, 21,000 ug/L for chlorobenzene, and 360,000 ug/L for o- 

xylene. Other target compounds, including ethylbenzene, methylene chloride, toluene, n- 

propyl benzene, acetone, SVOCs, and several chlorinated VOCs, that were identified in the 

NAPL are apparently not partitioning into groundwater. 
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The exceedances identified in the groundwater sample fiom the intermediate 

monitoring well (screened at 30 to 40 feet bls), including TPH, MEK (2-butanone), and 

pentachlorophenol (observed only in replicate sample), suggest that shallow groundwater may 

have leaked through the meadow madmarsh clay confining unit in, or upgradient of, this area. 

Water-level measurements indicate that there is a downward vertical gradient between the 

shallow and intermediate zones. MEK, a very soluble VOC, and pentachlorophenol, a 

relatively insoluble SVOC, were not detected in the NAPL samples fiom Pier 7. 

The source of the TPH and benzene identified in the groundwater sample fi-om 

Monitoring Well GMMWl5, near the MDC Building, is probably not related to the Solvent 

Tank Field NAPL plume. These dissolved constituents may be fi-om past spills fiom historical 

drum-filling activities and a naphtha filling building that operated in this area (Geraghty & 

Miller, Inc. 1994b). 

Two shallow monitoring wells near the MDC Building Area (Monitoring Well EBR19 

and Monitoring Well MW6, which is located to the east of the Low Sulfbr Tank Field) and 

Intermediate Monitoring Well GMMW24I exhibit exceedances for a suite of metals dissolved 

in groundwater. These metals are antimony, beryllium, cadmium, chromium, cobalt, nickel, 

and vanadium. With the exception of chromium, none of these metals occurs in excess of 

NJDEP groundwater standards in any other monitoring wells at the Site. The presence of 

these dissolved metals may be related to the former Case & Can Plant, which operated in this 

area (Geraghty & Miller, Inc. 1994b). 

7.2.1.2 Contaminant Fate and Transport 

NAPL (Plumes No. 1 through 3) floating on the shallow water table and the dissolved 

constituents detected in shallow and intermediate monitoring wells have the potential to move 

toward, and eventually discharge into, New York Bay. Two parallel, concrete gantry walls, 

extending to a depth of 10 feet bls, are containing the NAPL in the vicinity of Pier 7. During 

extreme low tides, groundwater levels are sometimes lower than the two gantry walls, and 
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NAPL can then migrate beneath the walls into New York Bay (Dan Raviv Associates, Inc. 

199%). During high tide, the NAPL is trapped behind the walls. Exxon has installed a fixed 

boom containment system along the entire length of Pier 7. This containment system is 

effectively containing any NAPL seeps and preventing them from migrating out of the pier 

area hrther into the bay. Tidal studies conducted as part of the Pier 6 IRM indicated that 

groundwater flow in this area is toward the bay (eastward) during low tide and landward 

(westward) during high tide (Dan Raviv Associates, Inc. 1995b). This back-and-forth motion 

may result in static conditions for the floating NAPL identified in the two smaller plumes, 

resulting in no net flow into the bay. 

The dissolved constituents are capable of undergoing biodegradation. Biodegradation 

is most likely enhanced in this area due to the influx and cycling of groundwater by the tides. 

Tidal flushing could result in constant replenishment of dissolved oxygen to the shallow 

groundwater, thereby enhancing aerobic degradation. 

L It is likely that the dissolved constituents are being biodegraded by aerobic processes 

in the tidally influenced groundwater zones adjacent to the piers; it is not currently known if 

the combination of biodegradation and the back-and-forth tidal motion completely removes 

dissolved constituents prior to discharge to the bay. 

7.2.2 Low Sulfur and Solvent Tank Fields 

The inter-media relationships and contaminant fate and transport hypotheses for the Low 

S f i r  and Solvent Tank Fields are discussed below. 

7.2.2.1 Contaminant Relationships 

There appears to be a strong correlation between NAPL and groundwater quality with 

respect to VOCs, but little correlation (with the possible exception of naphthalene) between soil 

and groundwater quality in this area. BTEX and two chlorinated VOCs were reported in 
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groundwater samples from monitoring wells in the Low S u k  and Solvent Tank Fields. 

Concentrations of these constituents in groundwater were relatively high, as follows: benzene (73 

to 710 ug/L), ethylbenzene (12,000 ugk), and xylene (2,300 to 38,000 ugk). These VOCs were 

identified as being primary constituents of the NAPL observed in the area (Dan Raviv Associates, 

Inc. 1993b). Thus, components of the NAPL appear to be partitioning into the groundwater and 

contributing to a dissolved phase plume. The chlorinated VOCs, 1,2-DCE (1 1,000 ugk) and vinyl 

chloride (3,700 ugk), were detected in one groundwater sample. The source of these constituents 

is not readily apparent. None of these chlorinated VOCs was reported in soil samples in 

concentrations that exceeded the soil cleanup criteria 

Naphthalene appears in groundwater at two locations at concentrations of 73 and 180 

ugk. 2-Methylnaphthalene and 54-dimethylphenol also exceeded the groundwater criteria at one 

location. Naphthalene was identified by DRAI (1993b) as being the most prevalent SVOC 

constituent of the NAPL present in the Low Sulhr and Solvent Tank Fields (Dan Raviv 

Associates, Inc. 1993b). Naphthalene exceeded the impact to groundwater soil cleanup criterion in 

a subsurface soil sample from one location in the Solvent Tank Field. Naphthalene in soil may be 

contributing to dissolved phase naphthalene, but is probably relatively insignificant compared to 

naphthalene partitioning fiom NAPL. Conversely, naphthalene associated with the NAPL (Plume 

No. 4) may be a d d i g  to soils during rises in water levels and then dissolving into groundwater. 

1,2-Methylnaphthalene and 2,4diimethylphenol may also be present in the NAPL. Neither of these 

two constituents was reported in exceedance of the criteria in soil. Benzo(a)pyrene was reported 

in soil in exceedance of the non-residential soil cleanup criterion at one location in the Solvent Tank 

Field. The absence of benzo(a)pyrene in groundwater indicates that this compound is not 

partitioning to the dissolved phase. 

There is little comelation between NAPL, soil quality, and groundwater quality with respect 

to metals. Of the metals reported in groundwater (antimony, arsenic, beryllium, cadmium, 

chromium, cobalt, and lead), only arsenic was detected in soil in exceedance of the non-residential 

soil cleanup criterion at one location. Lead, which was identified in NAPL, was detected in 
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exceedance of the NJDEP groundwater quality criteria in a groundwater sample fiom only one 

location. 

7.2.2.2 Contaminant Fate and Transport 

Most of the contaminants detected in soil [i.e., arsenic, copper, and benzo(a)pyrene] in the 

Low Suhr  and Solvent Tank Fields will tend to stay adsorbed in soil and will not partition to 

groundwater. Naphthalene may potentially partition fiom soil to groundwater, although this 

mechanism is probably not si@cant compared to partitioning &om NAPL if it is present. 

Naphthalene was found in exceedance of the criteria in one soil sample and two groundwater 

samples in the area. The NAPL obsewed in the area (Plume No. 4) contains BTEX, naphthalene, a 

variety of PAHs, and lead. Based on the groundwater sampling results, the NAPL appears to be 

acting as a source of VOCs partitioning to groundwater. Soluble constituents (benzene, 

ethylbenzene, xylene, and naphthalene) were detected in groundwater in exceedance of the NJDEP 

groundwater quality criteria. 

The dissolved constituents in groundwater are capable of undergoing biodegradation. 

Carbon dioxide and methane concentrations are elevated in Monitoring Wells MW6, MW9, and 

MW 10, which indicates sigdcant anaerobic biodegradation. 

Although the regional groundwater flow is radial toward Upper New York Bay and the 

Kill Van KuU, migration of the floating NAPL plume in the vicinity of the Low Suhr  and Solvent 

Tank Fields appears to be limited. Based on the most probable source(s) of the NAPL in this area 

(i.e., historical spills in the tank fields prior to 1967 when gasoline was stored in the tank fields, and 

in 1979 when Tank 1066 released fuel oil), the floating NAPL plume does not appear to be 

migrating. Despite the relatively low density of the NAPL, the floating NAPL plume may be 

s t a b i i  or contained within the apparent trough created in the shallow groundwater surface. The 

local trough may be the result of elevated hydraulic heads and tidal influence along areas of more 

permeable backfill along the northern and southern boundaries of the area. 
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The floating NAPL plume (Plume No. 4) is creating an associated dissolved phase plume. 

The extent of the dissolved phase constituents in the groundwater is not hlly known. Dissolved 

NAPL constituents were detected in groundwater samples collected fiom the fbthest 

downgradient monitoring wells along the southern boundary of the tank field. Based on the 

apparent local groundwater flow regime, the potential for off-site migration of dissolved phase 

constituents exists. There is evidence that anaerobic biodegradation processes are active in the 

vicinity of the Low Subr  and Solvent Tank Fields, so the dissolved constituents are being 

degraded as they migrate, lowering their concentrations. Implementation of an IRM and other 

natural attenuation mechanisms (e.g., adsorption) will also help to limit the migration of 

constituents off-site. 

7.23 General Tank Field 

The inter-media relationships and the hte and transport hypotheses of contaminants in the 

General Tank Field are discussed below. 

7.2.3.1 Contaminant Relationships 

With the exception of naturally occurring constituents (e.g., sodium, chloride, iron, and 

manganese), groundwater exceedances are limited to TPH at four locations (ranging fiom 5 to 121 

m a )  and benzene at one location (2 u a ) .  The presence of naturally occurring constituents at 

relatively high concentrations is probably related to the geochemistry of the fill and this area's 

history and proximity to the shoreline. Prior to development of Constable Hook, the General Tank 

Field area was submerged by the waters of Upper New York Bay. 

With the exception of TPH detected in relatively high concentrations in soil and 

groundwater, there is no correlation between specific constituents detected in soil and groundwater 

or the occurrence of NAPL. The metals and benzo(a)pyrene detected in soil have not been 

detected in groundwater, and the NAPL is apparently not a source of soluble constituents that 

partition to groundwater. 
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7.23.2 Contaminant Fate and Transport 

Most of the contaminants detected in soil in the General Tank Field [arsenic, lead, 

benzo(a)pyrene] will tend to stay adsorbed in soil and will not partition to groundwater. The 

exception is TPH. Extremely high levels of TPH in soil have leached to the groundwater below the 

General Tank Field. The two NAPL bodies (Plumes No. 5 and 6) in this area are not believed to 

be sources of contaminants to groundwater because the No. 6 fbel oil that appears to comprise 

these plumes does not contain appreciable soluble constituents for which there are groundwater 

standards. Only xylene in the subsurface soil exhibits the potential to leach to groundwater, but it is 

not observed in groundwater in excess of the applicable standard. 

The lack of soluble organic constituents in groundwater beneath the General Tank Field 

may be related to natural degradation activities. The presence of elevated methane, carbon dioxide 

(COz), and sulfide in relatively high concentrations suggests that the decay of hydrocarbon 

constituents in the subsurface by anaerobic respiration of microorganisms is possible. 

The NAPL bodies (Plumes No. 5 and 6) will potentially migrate to the north and east 

under the influence of groundwater flow, but migration will be significantly hindered by the high 

viscosity of the NAPL. The current NAPL plume bodies may be under equilibrium conditions, i.e., 

not migrating or growing appreciably over time. 

7.2.4 AV-Gas Tank Field and Domestic Trade Area Uncludes Southern Part of 
Interceptor Trench) 

Contaminant relationships and fate and transport hypotheses for the AV-Gas Tank Field 

and Domestic Trade Area are discussed below. 
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7.2.4.1 Contaminant Relationships 

W~th the exception of TPH, there is no correlation between observations of soil quality and 

groundwater quality in the AV-Gas Tank Field and the Domestic Trade Area. Groundwater quality 

beneath the AV-Gas Tank Field Area has not been evaluated due to the widespread presence of 

NAPL in monitoring wells and temporary well points installed in the area. The presence of NAPL 

and soil contamination in the AV-Gas Tank Field appear to be related. 

7.2.4.2 Contaminant Fate and Transport 

Most of the contaminants detected in soil in this area [i.e., arsenic and benzo(a)pyrene] will 

tend to stay adsorbed in soil and will not leach to groundwater. TPH was the only constituent 

observed in relatively high concentrations (i.e., above NJDEP criteria) in both soil and 

groundwater. The low carbon dioxide and methane concentrations in the one monitoring well 

sampled in the Domestic Trade Area suggest that little biodegradation is taking place, which may 

indicate that there is either limited organic contamination to act as a substrate for biological activity 

or oxygen levels may be insufficient to support aerobic bacteria 

The NAPL body (Plume No. 7) located along the plant perimeter in the AV-Gas Tank 

Field is migrating under the influence of groundwater flow. The western portion of this NAPL 

body is apparently captured by the interceptor trench. The eastern portion of this NAPL body 

should be investigated with regard to potential off-site migration. Although Figure 4-6 does not 

depict off-site migration of groundwater in this area, the potential for off-site migration does exist. 

Dissolved constituents in groundwater may be migrating off-site; however, due to the 

presence of NAPL, dissolved constituents were not analyzed in the AV-Gas Tank Field. Dissolved 

organic constituents (other than TPH) were observed in one monitoring well in the Domestic 

Trade Area. 
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73.5 As~halt Plant and Chemicals Plant flncludes Utilitv Area) 

Contaminant relationships and fate and transport hypotheses are discussed below for the 

Asphalt Plant and Chemicals Plant Area. 

7.2.5.1 Contaminant Relationships 

Chlorobenzene appears in groundwater at a relatively high concentration (7,100 ug/L); it is 

possible that this chlorobenzene is related to the chlorobenzene detected in soil, particularly the 

high concentration (980,000 ugkg) detected in the northern portion of the Chemicals Plant. It 

does not appear that chlorobenzene found in groundwater is related to NAPL, since the higher 

concentrations detected are not located downgradient of the NAPL plumes in this afea  (Plumes 

No. 8 and 9). A sewer investigation report by Sandaq, Inc. (1986) cited that chlorobenzene used 

at the Chemicals Plant was in the sewer system. However, although unrelated to this area, NAPL 

samples collected from monitoring wells at the interceptor trench area and Pier 7 IRM areas did 

show chlorobenzene present at concentrations up to 21,000 ug/L. The chlorobenzene was used 

solely at the Chemicals Plant and probably migrated to the pier area by way of the sewer system. 

Benzene detected in groundwater above the standard at one location did not have any related soil 

exceedances in this area. Chlorobenzene, 1,4-dichlorobenzene, and naphthalene were detected in 

soil above the impact to groundwater criteria and are also present in groundwater above New 

Jersey standards. The widespread benzo(a)pyrene exceedances in soil are apparently bound in the 

soil and, due to the chemical properties of benzo(a)pyrene (i.e., its high organic carbon partition 

coefficient), it is not expected to partition to groundwater. No monitoring wells are located 

immediately downgradient of the soil sample in the Chemicals Plant that showed high 

concentrations of ~ylenes, dichlorobenzene, and naphthalene, but a nearby monitoring well located 

in a side-gradient direction did show exceedances for 1,4-dichlorobenzene and naphthalene. 
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7.2.5.2 Contaminant Fate and Transport 

Most of the contaminants detected in soil in this area [i.e., benzo(a)pyrene, arsenic] will 

tend to preferentially stay adsorbed to soil rather than partition to groundwater. Constituents that 

may be potentially leaching fiom soil to groundwater include chlorobenzene, 1,4-dichlorobenzene, 

and naphthalene. The chlorobeme detected in subsurface soil, and to a lesser extent some of the 

other constituents detected in the Chemicals Plant, have the potential to leach to groundwater. The 

two NAPL plumes (Plumes No. 8 and 9) have specific gravities of lube oil, No. 6 fbel oil, or 

asphalt, which do not have appreciable soluble constituents for which there are groundwater 

standards. 

The dissolved constituents are capable of undergoing biodegradation. This is supported by 

the high methane and carbon dioxide concentrations in nearby Monitoring .Well GMMW3, 

suggesting that anaerobic biodegradation is occurring in the interior of this area. 

The NAPL bodies (Plumes No. 8 and 9) are migrating under the intluence of groundwater 

flow. The apparent No. 6 fbel oil or asphalt plume under the interior portion of the Chemicals 

Plant (Plume No. 8) has the potential to migrate to the east and southeast, but given the low 

permeability of the a and high viscosity of the NAPL, it is migrating very slowly, if at all. The 

lube oil plume located south of the Chemicals Plant (Plume No. 9) also has the potential to migrate 

to the southeast, and there is a potential that it may migrate fiom the Utilities Area onto a small 

comer of off-site property. Similar to Plume No. 8, this NAPL body is moving very slowly, if at 

all. 

7.2.6 No. 3 Tank Field 

contaminant relationships and fate and transport hypotheses for the No. 3 Tank Field are 

discussed below. 
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7.2.6.1 Contaminant Relationships 

Chlorobenzene appears in groundwater at relatively high concentrations (270 to 14,000 

u a ) ;  it is possible that this chlorobenzene is related to high concentrations detected in soil (35,000 

to 110,000 ug/kg). The benzene detected at concentrations ranging fiom 5 to 170 ugk in 

groundwater may have leached fiom soil, due to the benzene exceedances found in soil (1 1,000 

ug/kg maximum). Some of the benzene detected may be present as a result of dissolution fiom 

NAPL bodies, but otherwise NAPL does not appear to be loading high concentrations of dissolved 

constituents to groundwater. Chromium observed above the 100-mgilcg criterion for soil was also 

detected in groundwater in excess of the groundwater quality standard. Arsenic was also observed 

in soil and groundwater in excess of the respective criteria. 

7.2.6.2 Contaminant Fate and Transport 

The NAPL plume (Plume No. 10) may be a source of VOCs to partition to groundwater, 

since it has a s w c  gravity similar to kerosene. The kerosene-like product has the potential to 

migrate to the south and southeast; a portion of this NAPL body may have already migrated off- 

site, as discussed in the IRA4 report (Geraghty & Miller, Inc. 1995a). 

Dissolved constituents in groundwater are being transported with groundwater flow to the 

south and southeast. There is evidence of anaerobic biodegradation, so it is likely that the 

chlorobenzene and benzene concentrations are being reduced as they migrate in groundwater. The 

potential for off-site transport of chlorobenzene exists along the southern and southeastern edge of 

the No. 3 Tank Field, where dissolved chromium may also be transported off-site. 

7.2.7 No. 2 Tank Field and Main Building Area (Includes Northern Part of Interceptor 
Trench 

The inter-media relationships and contaminant fate and transport hypotheses for the No. 2 

Tank Field and Main Building Area are discussed below. 
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7.2.7.1 Contaminant Relationships 

Benzene, xylenes, 2-methylnaphthalene, and naphthalene were reported in one 

groundwater sample fiom the No. 2 Tank Field, upgradient of the interceptor trench. Xylenes 

exceeded the impact to groundwater criterion in a subsurface soil sample collected fiom the eastern 

portion of the No. 2 Tank Field. It is possible that the xylenes present in subsurFace soil, at least at 

this location, may be leaching to groundwater. Analytical results of NAPL samples collected fiom 

the Avenue J Sump and Sump A of the interceptor trench indicate that the primary constituents of 

the NAPL in this area (Plumes No. 1 1 and 12) are chlorobenzene, ethylbenzene, toluene, xylene, n- 

propylbenzene, and a suite of PAHs (Dan Raviv Associates, Inc. 1995a). It does not appear that 

the benzene, 2-methylnaphthalene, and naphthalene reported in the groundwater are related to the 

NAPL collected by the interceptor trench, since the monitoring well fiom which this sample was 

analyzed (Monitoring Well GMMW2) is located a si@cant distance upgradient of the interceptor 

trench and the NAPL plumes. These dissolved phase constituents may be remnants of a source 

hrther upgmhent of the area. Lead exceeds the non-residential soil cleanup criterion in s u b s u b  

soil at two locations in this area. Lead does not appear in groundwater. Copper, total chromium, 

and hexavalent chromium, which were detected in subsurface soil samples in this area in 

exceedance of the criteria or comparative values, were not detected in groundwater. These 

observations support the interpretation that these metals do not appear to be leaching fiom soil to 

groundwater in this area. Arsenic was reported in excess of the non-residential soil cleanup 

criterion in one soil sample from the eastem Main Building Area. Dissolved arsenic was also 

reported in one groundwater sample collected fiom a well upgradient of this area. However, it is 

dicult to make an assessment based on these two data points as to whether arsenic is leaching 

fiom the soil. 

Dissolution of constituents fiom the two NAPL bodies in the area may be occurring locally 

in the vicinity of the interceptor trench. Groundwater samples were not collected fiom immediately 

adjacent wells because of the presence of floating NAPL. 
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7.2.7.2 Contaminant Fate and Transport 

Most of the co-ts detected in soil in this area (i.e., arsenic, chromium, copper, lead, 

and thallium) will tend to stay adsorbed in soil and will not leach to groundwater. Xylenes are the 

most likely constituent to potentially leach fiom soil to groundwater. The two NAPL bodies 

(Plumes No. 11 and 12) located along the northeastern boundary of this area appear to be capable 

of contributing dissolved phase constituents (e.g., benzene, chlorobenzene, xylene) to groundwater 

at the boundary. This phenomenon cannot be confirmed usiig the available groundwater data in 

these areas since flow is collected by the Interceptor Trench and further downgradient areas are 

off-site. Indicator parameter results for one groundwater sample fiom this area suggest that 

conditions appear to be suitable for biodegradation. 

The two NAPL plumes (Plumes No. 11 and 12) are migrating under the influence of the 

prevailing groundwater flow duedon to the northeast. As discussed in the Interceptor Trench 

NAPL IRM report, pumping of the trench only affects those wells nearest to the trench and does 

not alter regional groundwater flow. The results of the performance evaluation of the interceptor 

trench indicated that the section of the trench in this area is effective in capturing these NAPL 

bodies @an Raviv Associates, Inc. 1995a). 

Dissolved constituents (e.g., benzene and xylene) in the groundwater are being transported 

with groundwater flow to the northeast. Dissolved phase contaminants will ultimately be captured 

by the interceptor trench. Although insufficient data exist to evaluate if active bioattenuation of 

dissolved phase constituents is occurring in this area, conditions appear to be suitable for 

biodegradation. 

7.2.8 "Aw-Bill Tank Fidd 

The inter-media relationships and fate and transport hypotheses for contaminants detected 

in the "A"-IW Tank Field are discussed below. 
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7.2.8.1 Contaminant Relationships 

. Arsenic and TPH exceed the NJDEP soil cleanup criteria in surface and subsurfice soil 

samples analyzed. The arsenic was not detected in groundwater in excess of the groundwater 

quality standards, indicating that it does not appear to be leaching into the groundwater. TPH does 

appear to be leaching to the groundwater. 

Based on the specific gravity (0.82) of the floating NAPL in this area, the NAPL is similar 

to diesel. Exclusive of iron and manganese, which appear to be regionally elevated in groundwater, 

benzene, xylenes, 2-methylnaphthalene, naphthalene, and dissolved lead (estimated 17.8 ugL) 

were the constituent exceedances in groundwater. Although these constituents were observed 

upgradient of NAPL Plume No. 13, it is possible that the floating NAPL contributed dissolved 

phase benzene to the groundwater. 

The PAHs [benzo(a)anthracene, benzo(a)pyrene, and benzo(a,h)anthracene] detected in 

subsurfice soil indicates that the NAPL is adsorbing to the soil in the vadose zone and capillary 

h g e .  

7.2.8.2 Contaminant Fate and Transport 

The arsenic detected in soil in this area will tend to stay sorbed in soil and will not leach to 

groundwater. 

The floating NAPL plume (Plume No. 13) appears to be acting as a source of dissolved 

phase benzene to partition to groundwater, since it has a specific gravity similar to diesel fie1 and 

benzene also appears in groundwater downgradient of the NAPL plume. Dissolved VOCs and 

SVOCs are capable of undergoing biodegradation under either aerobic or anaerobic processes, 

assuming that suitable conditions prevail. One groundwater sample was collected fiom an 

upgradient monitoring well in the "A"-IW Tank Field. Although it is not possible to demonstrate 
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that biodegradation is occurring in this area based on the results of one well, values of DO (7 

mg/L) and pH (6.15) are consistent with a potential for aerobic degradation. 

If the local groundwater divide interpreted in this area exists as shown on Figure 4-6, part 

of the floating NAPL plume (Plume No. 13) has the potential to spread and migrate to the east and 

northeast toward the Main Building Area. This portion of Plume No. 13 would ultimately be 

captured under the hydraulic influence of the interceptor trench, thereby preventing it fiom 

migrating off-site. In addition, a component of the NAPL plume located west of the interpreted 

groundwater divide has the potential to flow to the southwest. This will be fiuther investigated 

during Phase JB. Given the low permeability of the fill and viscosity of the NAPL, the plume is 

migrating very slowly, if at all. 

7.2.9 Lube Oil and Stockpile Area (Includes Plattv Kill Canal) 

The inter-media relationships and fate and transport hypotheses for contaminants 

detected in the Lube Oil and Stockpile Area are discussed below. 

7.2.9.1 Contaminant Relationships 

There is very little relationship between the compounds detected in soil in the Lube 

OilIStockpile Area and the compounds detected in groundwater. No VOCs were detected in 

soil at concentrations above the impact to groundwater criteria, although there were a few 

low exceedances of the groundwater standard for benzene in shallow monitoring wells. There 

were numerous exceedances for PAHs and metals in both shallow and subsurface soil 

samples. Two SVOCs [benzo(b)fluoranthene and pyrene] were detected in soil at 

concentrations above the impact to groundwater criteria, but these compounds were not 

identified at elevated concentrations in groundwater samples. The only metal detected in soil 

that may be partitioning into groundwater is arsenic, which was detected in one groundwater 

sample at a concentration an order of magnitude above the groundwater quality standard. 
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The lack of VOCs in soil samples and the presence of VOCs in groundwater indicates 

that the source of the VOCs in groundwater is probably related to historical spills or NAPL 

plumes that have been recently identified. The source of the VOCs is probably not related to 

ongoing leaching fiom soils. 

7.2.9.2 Contaminant Fate and Transport 

NAPL floating on the shallow water table and NAPL identified in the confined 

intermediate zone has the potential to move toward and eventually discharge to the Platty Kill 

Canal. Dissolved constituents that are most likely associated with these NAPL bodies also 

have the potential to eventually discharge to the Platty Kill Canal. However, none of the 

shallow wells located directly adjacent to the canal contains floating NAPL. IRM studies 

conducted in the Platty Kill Canal Area found that the tidal influence on the shallow water 

table is limited to wells located directly adjacent to the canal; these gradient and flow reversals 

were observed @an Raviv Associates, Inc. 1994b). However, although the potential exists, 

no migration of NAPL in the shallow groundwater zone to Platty Kill Canal has been 

observed. 

A laterally continuous and relatively thick clay and silt layer exists beneath the Platty 

Kill IRM Area. This layer separates the unconfined and confined zones and provides a 

confining layer to the deep zone @an Raviv Associates, Inc. 1994b). The lateral continuity of 

the clay and silt layer was confirmed by tidal and pumping test water-level measurements that 

suggested a lack of hydraulic connection between the two zones. Tidal influence was 

observed in all of the deeper intermediate zone monitoring wells. A dampened tidal amplitude 

and a succession of longer delay times was observed in these wells as distance fiom the canal 

increased. These tidal effects provide a tidal barrier between the confined zone and the Platty 

Kill Canal, effectively preventing the discharge of NAPL fiom this deeper zone to the canal. 

Very little DO was detected in both the shallow (0.7 mglL) and intermediate 

groundwaters (1.0 mg/L). Both of these zones contained little to no methane and moderate 
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concentrations of carbon dioxide, suggesting that little biodegradation is taking place due to 

lack of significant substrate or not enough oxygen to support aerobic biological activity. 

The absence of floating NAPL in monitoring wells located downgradient and adjacent 

to the Platty Kill Canal indicates that the floating NAPL in all of the identified plumes is well 

defined and is not posing an imminent threat to the nearby surface-water bodies. Both the 

NAPL and dissolved constituents have the potential to flow toward the Platty Kill Canal, but 

IRM studies indicate that tidal effects are effectively preventing discharge into the canal. 

7.2.10 Pier No. 1 Area (Includes Heli~ad) 

The contaminant relationships and fate and t&sport hypotheses for the Pier No. 1 

Area are discussed below. 

7.2.10.1 Contaminant Relationships 

One soil sample from the Pier No. 1 Area contained exceedances for several PAHs and 

arsenic. Low concentrations of PAHs (below the groundwater quality standard) were 

identified in the shallow groundwater sample from existing Monitoring Well EBl, indicating 

that these compounds are not partitioning in significant quantities to shallow groundwater. 

Several chlorinated compounds, including TCE, PCE, I,2-DCE, and vinyl chloride, were 

identified at elevated concentrations in the groundwater sample from intermediate Monitoring 

Well GMMW21I. These compounds were not detected in soil samples collected in this area, 

nor were they detected in the TCL analysis of NAPL collected from the shallow water-bearing 

zone (Dan Raviv Associates, Inc. 1995d). The source of the chlorinated compounds is 

unknown. The pesticide, alpha-BHC, which was also detected in the intermediate 

groundwater sample may have been mobilized by the presence of the other dissolved 

chlorinated compounds. 
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7.2.10.2 Contaminant Fate and Transport 

NAPL (Plume No. 17) floating on the shallow water table and the dissolved 

constituents detected in shallow and intermediate monitoring wells have the potential to move 

toward, and eventually discharge into, the Kill Van Kull Waterway. Bulkheading installed to 

depths of 40 to 60 feet in the area of the old Pier No. 1 appears to channel groundwater 

movement toward the deteriorated portion of steel sheet pile bulkhead near the Salt Water 

Pumping Station. 

The dissolved constituents are amenable to biodegradation. Biodegradation is most 

likely enhanced in this area due to the influx and cycling of groundwater by the tides. Tidal 

flushing could result in a constant supply of dissolved oxygen to the dissolved-phase portion 

of the plume, thereby enhancing aerobic degradation. 

Both floating NAPL and dissolved constituents in groundwater have the potential to 

migrate and eventually discharge to the Kill Van Kull Waterway. NAPL (Plume No. 17) 

migration is significantly hindered by the tidal reversal of groundwater flow and also by the 

bulkheading that has been installed along the local western, central, and eastern shores. The 

IRM studies indicate that the eastern bulkheading is in poor, deteriorating condition, and 

NAPL and groundwater do have the potential to migrate and possibly discharge to the Kill 

Van Kull Waterway in this direction. The western and southern shore bulkheads are deeper, 

extend to clay layers, are constructed with concrete, and are in better condition, forming an 

effective barrier to migration. 

The chlorinated VOCs detected in Intermediate Monitoring Well GMMW21I have the 

potential to be transported to the Kill Van Kull Waterway. However, the migration will be 

retarded by attenuation and by tidally influenced reversals in gradient. Any chlorinated VOCs 

that ultimately discharge to the Kill Van Kull Waterway will be immediately diluted to 

concentrations below detection limits due to the enormous flow in this surface-water body and 

the extremely low groundwater discharge rates fiom the intermediate water-bearing stratum. 
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7.3 POTENTIAL REMEDIAL REQUIREMENTS FOR NAPL 

This section describes the goals of remediation specific to the NAPL plumes delineated 

at the site. NAPL plumes that warrant mitigation in accordance with the established goals are 

identified, followed by a list of potential remedial technologies that could satisfjr the remedial 

objectives. 

Remedial Goals for NAPL 

NAPL remedial decisions for the Bayome Plant will be guided by the following 

remedial goals: 

Intercept off-site migration and reduce potential off-site exposure. 

Reduce potential on-site exposure to workers either by direct contact or other 

concerns (e.g., explosion or vapor generation). 

Eliminate sources of dissolved groundwater contamination if it is a threat to 

significant resources. 

Mitigate significant volumes of NAPL where recoverable by practical means 

before it becomes more difficult to recover. 
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7.3.2 NAPL Areas That Warrant Remediation 

Listed below are the areas of the Bayonne Plant with NAPL plumes that warrant 

remediation in accordance with the goals described above. These plumes are enumerated 

consistent with Figure 5-5 and Tables 5-10 and 7-1. 

Piers and East Side 
Treatment Plant 

Low Sulfbr and 
Solvent Tank Fields 

AV-Gas Tank Field 

Utilities Area 

No. 3 Tank Field 

"A"-Hill Tank Field 

Remedial Goal(s) 
Plume No. To Be Addressed 

1,2,3 Off-site migration. 

On-site exposure. 
Significant volume. 
Probable dissolved migration. 

7 Off-site migration. 

9 Off-site migration. 

Off-site migration. 
On-site exposure. 

13 Significant volume. 
Probable dissolved migration. 

Stockpilfllatty Kill Area 1 5, 16 Eventual off-site migration. 

Pier No. 1 Area 
(Helipad) 

17 Off-site migration. 

Each of the areas listed above except Plume No. 15 has been investigated during IRM 

studies and will remain a focus of remedial efforts. Plumes 5, 6, 8, and 14 appear to be stable 

on-site at present. Plumes 1 1 and 12 seem to be controlled by the Interceptor Trench. These 

will be fbrther characterized during subsequent phases of the RI. 
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7.3.3 Potential Remedial Technoloeies for NAPL 

The following remedial technologies will be considered for NAPL mitigation at the Bayonne 

Plant: 

Conventional recoverylcontainment in wells by either pumping of total fluids 

(single pump), dual phase pumping (two pumps), or passive skimming. 

Vacuum-enhanced recovery by low vacuum (generally less than 5 psi), with a 

skimmer pump for NAPL recovery only. 

Vacuum-enhanced recovery by high vacuum (generally greater than 10 psi), for 

NAPL and water recovery. 

Horizontal wells. 

Interceptor trenches with either passive skimming or pumping. 

Impermeable barriers to funnel NAPL migration to a collection well or trench. 

Natural attenuation. 

7.4 DATA GAPS FOR NAPL REMEDIATlON 

Some or all of the following data gaps will need to be addressed for each NAPL body 

listed in Section 7.3.2 (NAPL Areas That Warrant Remediation) to design optimal remedial 

systems for NAPL mitigation: 
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The actual extent of the NAPL body in the vertical plane (i.e., apparent versus true 

NAPL thickness) by performing bail-down tests in existing wells. 

The horizontal extent of some of the NAPL bodies, particularly the southernmost 

NAPL plume in the No. 3 Tank Field (Plume No. 10 on Figure 5-9, as noted in 

the NAPL IRM report (Geraghty & Miller, Inc. 1995a). 

The mobile or static nature of some of the NAPL bodies and the direction of 

migration, through continued monitoring of existing wells and additional wells 

installed during subsequent phases of the RI. 

Hydraulic characteristics of the saturated subsurface materials through pumping 

tests, slug tests, and physical testing (e.g., grain size distribution).. ' 

Physical and chemical characteristics of the NAPL, through laboratory analysis. 

These data gaps will be addressed in formulating work plans for subsequent phases of 

the RI. I 
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Table 3-1. Number of Analyses Conducted for Phase IA Soil and Groundwater Samples, Bayonne Plant, Bayonne, New Jersey, 

Matrix 
TPH TCL TCL TCL TAL 1 '2 ,  7 Total Hexavalent Wet Dissolved 

VOCs SVOCs PesticidesIPCBs Metals Chromium Chromium Chemistry Gases 
- 

&J 

Phase IA RI Soil Borings 155 9 1 9 2 88 8 8 153 125 N A N A 
(84 locations) 

IRM Soil Borings 
(1 4 locations) 

Groundwater 

Phase IA RI Wells 2 1 2 1 2 1 2 1 2 1 6 ~  21 21 17 17 

Phase IA RI Drivepoints 13 

Existing Wells 10 10 10 106 ' 10 ' 10 10 10 

QAIQC samples (i.e., replicates, matrix spikelmatrix spike duplicates IMSlMSDs], field blanks, and trip blanks) are not included. 

QAIQC 
TPH 
TCL 
VOCs 
s v o c s  
PCBs 
TAL 
N A 
1  

Quality assurancelquality control. 
Total petroleum hydrocarbons. 
Target compound list. 
Volatile organic compounds. 
Semivolatile organic compounds. 
Polychlorinated biphenyls. 
Target analyte list. 
Not analyzed. 
Does not include chromium analysis, which are tabulated separately. 
Unless otherwise indicated, groundwater samples were analyzed for dissolved constituents. A subset of the number of dissolved 
samples were also analyzed for total constituents, as indicated in parentheses and italics. 
Include miscellaneous alcohols and site-specific compounds. 
Wet chemistry parameters consist of chloride, alkalinity, sulfate, sulfide, total dissolved solids, biological oxygen demand, chemical 
oxygen demand, nitrate, phosphate, total organic carbon, ammonia, total iron, and total manganese. 
Dissolved gases consist of carbon monoxide, carbon dioxide, dissolved oxygen, methane, and nitrogen dioxide. 
A total of 28 groundwater samples was analyzed for total and dissolved iron and manganese. 

One sample was also analyzed as a total due to the high turbidity. 

GERAGHTY &? MILLER, INC. 0 



Table 3-2. Summary of Operational Area Prefix Codes, Phase IA Remedial Investigation, 
Bayonne Plant, Bayonne, New Jersey. 

Zone Operational Area Prefix Codes Prefix Code 
Exceptions' 

AHTF "A"-Hill Tank Field AHTF 

LO Lube Oil Area LO, LA 

P 1 Pier No. 1 Area PN 1 

N2TF No. 2 Tank Field N2TF 

AP 

AGTF 

ECP 

N3TF 

GTF 

STF 

PEST 

DT 

MB 

MDC 

U 

SS 

Asphalt Plant 

AV-Gas Tank Field 

Exxon Chemical Plant 

No. 3 Tank Field 

General Tank Field 

Solvent Tank Field 

Piers and East Side 
Treatment Plant 

Domestic Trade Area 

Main Building Area 

MDC Building Area 

Utilities Area 

Stockpile Area 

AP 

AGTF 

ECP 

N3TF 

GTF 

STF 

PEST 

EC2 (1) 

EC (1) 

EGTF (1) 

GF (1) 

DT 

MB PS (1) 

MDC 

EC (21, T998 (1 

SS LO (1) 

t Prefix code exception with number of prefix code exceptions indicated in parentheses. 
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Page 1 of 3 
Table 3-4. Location and Rationale for Relocation of Phase IA Soil Borings and Monitoring Wells, Bayonne Plant, Bayonne, New Jersey. 

Location I.D. Distance and Direction Moved Rationale for Moving the Location Final Location Description 
from Formerly Proposed and 

Approved Location 

"Aw Hill Tank Field 

AHTFSB4 6 0  f t  SE Surface water inside fire bank prevented access. North of tank 5 16. 

bube Oil Area 

LOSB 1 

LOSBlO 

LOSB 1 6 

Pier No. 1 Area 

PNlSB1 

No, 2 Tank Field 

N2TFSB6 

As~ha l t  Plant Area 

N3TFSB2 

4 0  f t  WSW 

100 f t  ESE 

Moved at request of John Boyer of the NJDEP Northeast of tank 41 1. 
to area near spill culvert at Tank 4 1 1. 

Moved due to subsurface concrete. West of Control House at Lube Oil Area. 

Moved into open area to complement spacing East of tank 57. 
between RI and IRM borings. 

Moved downgradient of documented spill or Southwest of tank 46. 
release. 

Moved north due to bulkheading along pier. Eest southeast of the Helipad Pier No. 1 

Moved to former process area. East of tank 100 1. 

Moved to previous truck loading rack on other East of truck loading rack. 
side of fence. Location was inaccessible due 
to pipe racks and utilities. 

Exxon Chemical Plant Area 

EC2SBl 1 0 0 f t  E Moved as close as possible to sanitary sewer East of the Exxon Chemical 
due to low overhead utilities at original location. Building No. 2. 

100 f t  WSW Moved downgradient (to a gravel area) along Northwest of tank 9 1 6. 
railroad loading area due to poor access and 
train traffic at original location. 

See last ~ a a e  for footnotes. GERAGHTY &3 MILLER, INC. fi 
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Table 3-4. Location and Rationale for Relocation of Phase IA Soil Borings and Monitoring Wells, Bayonne Plant, Bayonne, New Jersey. 

Location I.D. Distance and Direction Moved Rationale for Moving the Location Final Location Description ' 

from Formerly Proposed and 
Approved Location 

No. 3 Tank Field 

GMMW7 , 8 0  f t  NE Moved towards area containing visually stained West of GMMW16. 
soil. 

General Tank Field 

GTFIRMB8 Moved into the interior of the tank field to Inside the firebank north of tank 1073. 
complement spacing of IRM and RI borings. 

1 4 0 f t  WSW 

EGTFSB 1 

Piers and East Side 
Treatment Plant Areg 

PESTSB 1 

Domestic Trade Area 

DTSB3 

Moved to road edge due to overhead utilities. Northwest of electrical Substation No. 3. 

Construction debris prevented access to 
original location. 

North of Substation No. 3. 

Moved to edge of former oillwater separator. East of Granular Activated Carbon Building. 

Moved to other side of fence due to pipe rack. 

Moved based on access problems due to East of Substation No. 4. 
bulkhead along pier, and also to complement 
well spacing. 

Moved due to low overhead utility line. 

Utilities Area 

GMMWl3  4 0 f t  W Moved to complement spacing with IRM borings. West of tank 998. 

See last page for footnotes. 
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Table 3-4. Location and Rationale for Relocation of Phase IA Soil Borings and Monitoring Wells, Bayonne Plant, Bayon;le, New Jersey. 

Location I.D. Distance and Direction Moved 
from Formerly Proposed and 

Approved Location 

Rationale for Moving the Location Final Location Description 

Main Buildina Area 

PSSB1 

Stock~i le  Area 

GMMW12 

150 f t  NW Moved due to low overhead utilities and old North of the Paramins Store House. 
buried railroad ties; also to delineate the 
extent of NAPL which was observed in the 
"Aw-Hill Tank Field and Main Building areas. 

Moved due to proximity to Main Building. 

Moved to complement spacing with DRAl wells. 

North of Main Building (middle of parking 
lot). 

Stockpile Area. 

SSB 1 100 f t  ESE Moved due to access problem at original West of tank 404. 
location. 

f t  
SE 
N 
W 
WSW 
NW 
ESE 
E 
NE 
S 
SW 
NJDEP 
RI 
IRM 
NAPL 
DRAI 

Feet. 
Southeast. 
North. 
West. 
West southwest. 
Northwest. 
East southeast. 
East. 
Northeast. 
South. 
Southwest. 
New Jersey Department of Environmental Protection. 
Remedial Investigation. 
interim Remedial Measure. 
Non-aqueous phase liquid. 
Dan Raviv Associates, Inc. 
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Table 3-5. Phase IA Remedial Investigation Monitoring Well Construction Details, Bayonne Plant, Bayonne, New Jersey. 

Well Well Depth to 
Screen Screen Total Depth of Depth to Top of Measuring Point Depth to Top of 

Well and Casing Material Depth Screened Top of Bentonite Elevation Top of Bedrock 
Completion Diameter (20-slot of Well Interval Sand Pack Slurry Bedrock Elevation 

Well ID Date (inches) wound) (ft bls) (ft  bls) ( f t  bls) (ft  bls) Ground Top of PVC (f t  bls) (ft  bls) 

Shallow 

PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 
PVC 

4 PVC 
4 PVC 
4 PVC 

See last page for footnotes. 
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Table 3-5. Phase IA Remedial Investigation Monitoring Well Construction Details, Bayonne Plant, Bayonne, New Jersey. 

Well Well Depth to 
Screen Screen Total Depth of Depth to Top of Measuring Point Depth to Top of 

Well and Casing Material Depth Screened Top of Bentonite Elevation* Top of Bedrock 
Completion Diameter (20-slot of Well Interval Sand Pack . Slurry Bedrock Elevation 

Well ID Date (inches) wound) (ft bls) (ft bls) (ft bls) (ft bls) Ground Top of PVC (ft bls) (ft bls) 

GMMW21 D 12/8/94 4 PVC 107.0 97.0 - 107.0 93.0 89.0 10.9 12.43 1 10.0 -99.1 
GMMW22D 1211 6/94 4 PVC 120.0 110.0 - 120.0 108.0 105.0 10.7 10.37 120.0 -109.30 

GMMW23D 12/29/94 4 PVC 11 0.0 100.0 - 110.0 98.0 90.0 15.3 15.29 117.0 -101.70 

GMMW24D 1 1/30/94 4 PVC 128.0 118.0 - 128.0 115.0 1 12.0 9.4 8.85 129.0 -1 19.6 

PVC 
NA 
f t  bls 
IRM 
N APL 

Note: 

Based on National Geodetic Vertical Datum 1929. 
Polyvinyl chloride. 
Not applicable. 
Feet below land surface. 
Interim Remedial Measure. 
Non-aqueous phase liquid. 

A summary of monitoring well construction details for IRM monitoring wells in the General Tank Field, No. 3 Tank Field, Exxon Chemical 
Plant (Utilities Area) and Lube Oil Area, was provided in the NAPL IRM Investigation Report (Geraghty & Miller, Inc., 1995a). 
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Tebh 4-1. Summary Of Water-Level Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Page 1 of 9 

Low Tide I1 0: 18) High Tide (1 6:15l 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Product Water-Table Elevation Water Level "' Comments 
Designation Revetion Density Time Product Water Thickness (corrected where Time Product Water Thickness (corrected where Difference with 

(ft msll lgmlmLl l f t  bmpl I f t  bmpl (feet) applicable) Ift bmpl Ift bmpl (feet1 applkablel Rising Tide 
(ft msll l f t  msl) 

Shallow 

GMMWl 
GMMW2 
GMMW3 
GMMW4 
GMMW6 
GMMW8 
G M M W  
GMMW8 
GMMW9 
GMMW10 
GMMWl1 
OMMWlZ 
GMMWl3 
GMMW14 
GMMW15 
GMMW18 
GMMW17 
GMMWl 8 
GMMWl9 
GMMW2O 

SSBl IZ' 

GMMWl "I 

Sse lest peoe for footnotes. 
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Table 4-1. Summsry of Water-Level Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Paae 2 of 9 

Low Tide (10: 18) High Tide (1 6: 15) 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Roduct Water-Table Elevation Water Level "' Comments 
Designation Elevation Density - Time Product Water Thickness (corrected where Time Product Water Thickness (corrected where Difference with 

(ft msll (amlmLI (ft bmp) (ft bmpl (feet1 applicable) (ft bmpl I f t  bmpl lfeetl applicablel Rising Tide 
Ift  msll , ( i t  msll 

Phase IA RI Modtahg W d r  ~comlnuedl 

Eahtlng Madtoting W d r  

See last page for footnotes. 
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Table 4-1. Summary of Water-Level Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Page 3 of 9 

Low Tide l10:181 High Tide (1 6: 151 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Product Water-Table Elevation Water Level "' Comments 
Designation Elevation Density Time Product Water Thickness lcorrected where Time Roduct Water Thickness (corrected where Difference with 

l f t  msll IgmImLl (ft bmpl (ft bmp) (feet) applicable) l f t  bmpl (ft bmpl lfeetl applicable) Rising Tide 
l f t  msll (ft msll 

t €09 
EBIO 
€01 1 
€01 2 

7 €013 
€014 

t E e l s  
€01 6 
€817 
E B l 9  
€022 
EB23 
€024 
EB26 
€026 
€027 
€028 
EB29 
€830 
€03 1 
EB33 
€034 
EB35 
EB36 
€840 

1.49 
3.1 - 

4.18 
0.52 
NA 
NA 
1.71 
0.02 
2.01 
0.25 
0.16 
0.13 
0.02 
NA 
N A 

0.01 
0.01 
0.01 
NA 
NA 

0.27 
Trace 
2.87 
0.13 

EB2"' 
EBR~"' 

Well caved in. 
€012'" 
EB 1 3"' 

EB 16"' 
€0 1 7"' 
EB 1 9"' 
~ ~ 2 4 ' "  , 

~ ~ 2 4 " '  
~ ~ 2 4 " '  

AHTFSB 1 la' 

AHTFSBl ''I 
AHTFSBI "' 
AHTFSBI"' 

- - -- 

See last page for footnotes. 
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Table 4-1, Summary of Waterlevel Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Page 4 of 9 

Low Tide (1 0: 181 High Tide 11 6:16) 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Product Water-Table Elevation Water Level "' Comments 
Designation Elevation Density Time Product Water Thickness (corrected where Time Product Water Thickness (corrected where Difference with 

l f t  msll IgmImLl (ft bmpl (ft bmpl (feet) appllcablel (ft bmp) Ift bmpl (feet) appllcablel Rising Tide 
( f t  msll (ft msl) 

Lrhdlng Monitorhg Wda (continuedl 

ITMW~"' 
ITMW~"' 

Trace 

See last page for footnotes. 
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Table 4-1. Summary of Waterlevel Measurements Collected on December 12, 1994, Bayonne Aant, Bayonne, New Jersey. Page 6 of 9 

Low Tide (1 0: 18) High Tide 11 6: 16) 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Product Water-Table Elevation Water Level "' Comments 
Designation Elevation Density Time Product Water Thickness (corrected where Time Product Water Thickness (corrected where Difference with 

(ft  msll IgmlmL) I f t  bmp) I f t  bmpl Ifeetl applicable1 l f t  bmpl (ft bmpl (feet) applicablel Rising Tide 
/ f t  msll I f t  msl) 

Trace 
0.44 
0.57 
0.07 
N A 

0.62 
10.13 
7.16 
2.69 
3.84 
0.14 . 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
NA 
N A 

0.09 
NA 

0.05 
0.02 
0.07 

Buried Well 
EBR 1 8"' 
€872"' 
~873" '  
~ ~ 7 3 " '  

Casing blocked. 

ITMW~'~'  
ITMWZ"' 
No water. 

See last page for footnotes. 
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Table 4-1. Summary of Waterlevel Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Page 6 of 9 

Low Tide (10:18) High Tide (1 6: 1 51 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Product Water-Table Elevatlon Water Level "' Comments 
Designation Elevation Density Time Roduct Water Thickness (corrected where Time Product Water Thickness (corrected where Oifference with 

l f t  msl) IgmlmLI I f t  bmpl l f t  bmpl Ifeetl applicablel l f t  bmpl If t  bmpl Ifeetl applicablel Ris iq Tide 
l f t  msll l f t  msl) 

L 

Ex- Monk* WJh Icontirumdl 

Shallow 

EB97 
EB98 
EB99 
EBlOO 
EBlOl  
EB102 
EB103 
EB104 
EBlO6 
EB106 

EBR 1 
E M 2  
EBR4 
EBR5 
EBR6 
EBR7 
EBRB 

t EBR9 
EBRIO 
EBR11 
EBR12 
EBRI 3 
EBR14 
EBRI 6 
EBR16 

t EBRl7 

Casing blocked. 
0.01 
0.05 

Dty well. 
N A 
NA 
N A 
NA 
NA 
N A 

EB8 1 3"' 
~ 8 2 " '  

EBRS"' 
EBR~"' 
EBRS"' 
Sheen 
EBRS"' 
~ ~ 5 9 " '  

EBRI 8"' 

See last page for footnotes. 
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Teble 4-1. Summery of Water-Level Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Page 7 of 9 

' LowTide(10:18) High Tide I1 6: 161 

Well ~ e a s u r i h  Point Product Measuring Depth to Depth to Product Water-Table Elevetion Measuring Depth to Depth to Product Water-Table Elevation Water Level I" Comments 
Designation Elevation Density Time Product Water Thickness lcorrected where Time Product Water Thickness (corrected where Difference with 

Ift  msll (gmlmLJ I f t  bmpl (ft bmpl (feet1 applicablel (ft bmpl (ft bmpl (feet1 appliceblel Rising Tide 
Ift  msll ' (ft msll 

Exlrtlng Monltodng Wdr lcontinuedl 

Shallow 
1.06 
N A 

Trace 
N A 
N A 

MWl 
MW2 
MW3 
MW4 
MW6 
MW7 
MW8 
MW9 
Mw10  
MW11 
MW12 
MW13 
MW14 

See last page for footnotes. 
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Table 4-1. Summary of Waterlevel Measurements Collected on December 12, 1994, Bayonne Plant, Bayonne, New Jersey. Page 9 of 9 

Low Tide (10:18l Hiah Tide (1 6:151 

Well Measuring Point Product Measuring Depth to Depth to Product Water-Table Elevation Measuring Depth to Depth to Product Water-Table Elevation Water Level "' Comments 
bslgnation Elevation Density Time Product Water Thickness (corrected where Time Product Water Thickness (corrected where . Difference with 

(ft msll (gm/mLl (ft bmpl (ft bmpl - (feet) applicablel (ft bmpl I f t  bmpl (feetl applicable) Rising Tide 
Ift  msll (ft msil 

Existing Monitah~ W d s  (continued) 

gmlmL 
f t  msl 
f t  bmp 
111 

Gram per milliliter. 
Feet above mean sea level. 
Feet below measuring point. 
Posltlve water-level differences indicate water-level increase with rising tide. Negative water-level differences indicate water-level decrease with risizg tide. 
Density determlned by hydrometer analysis at this location. 
Well was used on basis for product density determination; density estimated by hydrometer analysis. 
Not applicable. 
Not installed, 
Not surveyed. 
Measurement not taken. 
Low tide water level for Monitoring Well EBR11 was low due to active pumping from this well. 
Anamolous values. 
R n p  in well on. 
These wells are scheduled to be abandoned. 
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Page 1 of 2 
Table 4-2. Summary of Waterlevel Measurements Collected on April 17, 1996, Bayonne Plant, Bayonne, New Jersey. 

High Tide (9:05 a.m.) Low Tide (230  p.m.) 

Well Measwing-Point Product Measuring Depth to Depth to Product Water-Table Measuring Depth to Depth to Product Water-Table water-~ev~l" '  Comments 
Designation Elevation Density Time Product Water Thickness Elevation Time Product Water Thickness Elevation Difference with 

(ft msll lgmlmL) fft bmpl (ft  bmpl (feet1 , lcorrected where Bt bmpl l f t  bmpl Ifeetl (corrected where the Falling Tide 
applicable) applicable) 

M e  IA RI Madtalng W d r  

GMMWl 9.70 0.885 9:50 3.87 4.35 0.48 6.77 3 0 6  3.84 4.32 0.48 6.80 0.03 GMMWlia' 
GMMW3 15.17 0.970 10:lO 9.27 9.7 1 0.44 5.89 3:29 9.32 9.68 0.36 6.84 -0.05 ECPSBZ"' 

NP; 
N A 
NA ' 

N A 

0.01 
- 

- 
- 

0.02 

-1.42 EB~' "  
AHTFSB1 '" 

AHTFSB 1 ''I 
AHTFSB 1 ''I 
AHTFSB 1 ''I 

-0.82 Trace of product 

See last page for footnotes. 
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Page 2 of 2 
Table 4-2. Summary of Water-Level Measurements Collected on April 17, 1995, Bayonne Plant, Bayonne, New Jersey. 

-- - 

High Tide (9:05 a.m.) Low Tide (2:30 p.m.) 

Well Measuring-Point Product Measuring Depth to Depth to Product Water-Table Measuring Depth to Depth to Product Water-Table water-Level"' Comments 
Dsdgnation Elevation Density Time Product Water Thickness Elevation Time Product Water Thickness Elevation Difference with 

(ft msll IumImLI l f t  bmpl (ft bmpl (feet) . (corrected where (ft bmp) (ft bmp) (feet) (corrected where the Falling Tide 
applicable1 applicable) 

lorermediate 
PKMWlO 12.48 N A 9:12 N A 11.83 N A 0.65 2:37 NA 11.25 N A 1.23 0.58 
FUMWl1 10.32 0.882 - - - - - - - - - Pump system in well 
PKMWl2 8.96 0.870 9:15 7.0 16.30 9.30 0.75 7:40 6.79 18.30 9.51 0.93 0.18 WMWI 2"' 
PKMWl3 11.98 N A 9:20 N A 11.20 N A 0.78 2:42 NA 11.92 N A 0.06 -0.72 
PKMW14 12.77 0.920 9:06 11.85 14.61 2.76 0.70 2:34 11.05 1'3.74 2.69 1.50 0.81 PKMWI 4"' 
PKMW15 12.28 N A 9:05 N A 11.28 NA 1 .O 2:30 10.43 10.44 0.01 1.84 0.84 ~ ~ 5 9 " '  

f t  bmp 
I0 

Gram per mllliliter. 
Feet above mean sea level. 
Feet below measuring point. 
Positive water-level differences indicate water-level decrease with failing tide. 
Negative water-level differences Indicate water-level increase with falling tide. 
Density determined by hydrometer analysis at this location. 
Well was used on basis for product density determination; density estimated by hydrometer analysis. 
Not applicable. 
Not surveyed. 
Measurement not taken. 
Groundwater and product measurements from the "An-Hill Tank Field area were collected after completion of the first round (high tide) of measurements. Only one round was taken. 
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Table 4-3. Horizontal Hydraulic Gradients, Bayonne Plant, Bayonne, New Jersey. 
1 

Operational 
Area 

Reference Differenc,? in Difference in Hydraulic Flow 
Points Hydraulic Horizontal Gradient Direction 

Elevation Distance (ftlft) 
(ft) (ft) 

Solvent Tank Field MW10 7 720 0.0097 Northeast 
SWMPl 

Solvent Tank Field MW7 3 430 0.007 Southeast 
EB77 

Piers and East Side EB77 2 1345 0.001 5 East 
Treatment Plant Area EBR12 

No. 2 Tank Field GMMW2 10 600 0.01 67 Northeast 
ITMW3 

Main Building Area EB28 9 770 0.01 17 Northeast 
EB98 

Pier No. 1 Area EB12 8 500 0.01 6 Southwest 
SWMP6 

Horizontal hydraulic gradients were calculated along lines drawn perpendicular to the hydraulic 
head contours shown on Figure 4-6. Lines for calculating the hydraulic gradients originated and 
terminated near- the reference points listed above. 

G:UPRWECT\U[XONWJ0212.041WZWORGRADZ.XLS 
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Table 4-4. Vertical Hydraulic Gradients, Bayonne Plant, Bayonne, New Jersey. 

Well Pair Vertical Distance Groundwater Vertical 
(Screen Zone1 Between Center Point of Elevation Vertical Gradient 
Open Interval)+ Screenlopen Interval Difference" Gradient Direction 

(feet) (feetlfeet) 

GMMW21 I (Intermediate) 66.6 
GMMW21 D (Deep) 

GMMW231 (Intermediate) 
GMMW23D (Deep) 

GMMW241 (Intermediate) 88.6 
GMMW24D (Deep) 

1.64 0.025 Downward 

0.68 0.01 7 Downward 

0.1 8 0.002 Downward 

All monitoring wells were screened in the overburden material. 

+ + Synoptic groundwater elevations measured on April 17, 1995. Measurements taken at low 
tide were used for all calculations. 
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Page 1 of 6 

Table 5-1. Total Petroleum Hydrocarbons in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample Depth TPH Concentration 
Sample ID Sample Date (ft bls) (mglkg) 

Sam~les With Concentrations Less Than 10,000 

3TFIRMB3-04 
3TFIRMB3-14 
3TFIRM B4-02 
AGTFSB3-02 
AHTFSB1-02 
AHTFSB2-02 
AHTFSB2-06 
APSB2-02 
APSB2-06 
A PSB4-04 
APSB5-02 
DTSB1-06 
DTSB 1 -08 
DTSB2-04 
DTSB3-04FR2 
ECIRMB1-02 
ECPSB3-04 
EGTFSB1-04 
GTFIRMB1-02 
GTFIRMB1-08 
GTFIRMB2-02 
GTFIRMB2-08 
GTFIRMB3-02 
GTFIRMB3-10 
GTFIRMB4-02 
GTFIRMB4-08 
GTFIRMB5-02 
GTFIRMB7-08 
GTFIRMB8-02 
G'rFIRMB9-02 
GTFIRMB9-06 
GTFSB1-02 
GTFSB2-02 
GTFSB3-02 
GTFSB3-08 
GTFSB4-02 
GTFSB5-02 
GTFSB5-08 
GTFSB6-02 
GTFSB7-02 
GFFSB8-02 
GTFSB9-02 
GTFSB9-06 

See last page for footnotes. 
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Page 2 of 6 

Table 5-1. Total Petroleum Hydrocarbons in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample Depth 
Sample ID Sample Date (ft bls) 

Sam~les With Concentrations Less Than 10.000 (continued) 

Sam~les With Concentrations Greater Than 10.000 But Less Than 30,000 

TPH Concentration 
(mgkg) 

See last page for footnotes. 
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Page 3 of 6 

Table 5-1. Total Petroleum Hydrocarbons in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample Depth TPH Concentration 
Sample ID Sample Date (ft bls) (mgkg) 

Sam~les With Concentrations Greater Than 10.000 But Less Than 30.000 (continued) 

See last page for footnotes. 
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Page 4 of 6 

Table 5-1. Total Petroleum Hydrocarbons in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample Depth TPH Concentration 
Sample ID Sample Date (ft bls) (mgkg) 

Sam~les With Concentrations Greater Than 30.000 

AGTFSB1-02 
AGTFSB1-06 
AGTFSB2-04 
AGTFSB4-06 
AHTFSB3-06 
AHTFSB3-10 
APSB3-06 
APSB4-08 
APSB5-06 
APSB6-06 
APSB6-10 
DTSB3-04 
DTSB3-04FR1 
ECIRMB3-06 
ECPSB1-02 
ECPSB1-08 
ECPSB2-06 
ECPSB2-12 
ECPSB4-08 
ECPSB5-08 
G'rFIRMB5-06 
GTFIRMB7-02 
GTFIRMB8-08 
GTFSB1-08 
GTFSB2-08 
GTFSB4-08FR 
GTFSB6-12 
GTFSB7-08 
GTFSB8-04 
GTFSB9-08 
LOSB1-04 
LOSB1-08 
LOSB2-04 
LOSB2-08 
LOSB4-02 
LOSB4-06 
LOSB5-04 
LOSB8-02 
LOSB9-02 
LOSB9-06 
LOSB 1 0-04 
LOSB10-08 

See last page for footnotes. 
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Page 5 of 6 

Table 5-1. Total Petroleum Hydrocarbons in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample Depth TPH Concentration 
Sample ID Sample Date (ft bls) (mglkg) 

Sam~les With Concentrations Greater Than 30.000 (continuedl 

LOSBl2-02 
LOSBl2-06 
LOSBl3-02 
LOSBl3-02FRT 
LOSB13-02FR2 
LOSBl3-08 
LOSB16-04 
LOSBl8-08 
LOSB18-08FR 
MBSB3-06 
MBSB3-10 
MBSB3-1 OFR 
N2TFB4-02 
N2TFB4-06 
N2TFB5-06 
N3TFB1-02 
N3TFB1-12 
N3TFB2-06 
N3TFB2-06FR 
N3TFB3-08 
N3TFB6-02 
N3TFB7-02 
N3TFB7-06 
N3TFB8-06 
PESTSB1-04 
PSSBI -06 
SSB1-16 
STFSB1-02 
STFSB1-06 
STFSB2-08 

Field Blanks 

FBNA 1 -1 00594 
FBNA2-100694 
FBNA3- 1 01 1 9 4  
FBNA4-101394 
FBNA5- 1 01 994 
FBNA6-102094 
FBNA7-102 1 94  
FBNA7-102594 
FBNA8-102594 

See last page for footnotes. 
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Page 6 of 6 

Table 5-1. Total Petroleum Hydrocarbons in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample Depth TPH Concentration 
Sample ID Sample Date (ft bls) (mglkg) 

Field Blanks (continuedl 

FBNA9-102694 
FBNA 1 0-1 02694 
FBNA 1 1-1 02794 
FBNA 1 2-1 02794 
FBNA13-102894 
FBNA 14-1 02894 
FBNA15-102894 
FBNA16-102894 
FBNA17-103194 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criteria in 
milligrams per kilogram (mgkg) (parts per million [ppml). 
Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North 
Carolina, using New Jersey Modified U.S. Environmental Protection Agency (USEPA) Method 41 8.1. 
'r PH Total petroleum hydrocarbons. 
FBNA Indicates a field blank associated with non-aqueous samples. 
FR Field replicate of previous sample. 
ft bls Feet below land surface 
mglkg Milligrams per kilogram 
-- Not applicable. 
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Teble 5-2. Voletile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: 3TFIRMB4 3TFIRMB4 AGTFSBl AGTFSBl AGTFSB2 AGTFSBB AGTFSBB AGTFSW 

NJDEP Soil Cleanup Criteria Depth: 02 06 0 2 06 0 4  0 2 06 02  
Impact to Zone**: N3TF N3TF AGTF AGTF AGTF AGTF AGTF AGTF 

Anal e (U k g )  Residential Non-Residential Groundwater 1011 7194 10120194 10120194 10128194 10127194 10127194 10120194 

1,2-Dibrornoethane 

l,2-Dichloroethane 

1,2-Dichloroethene(Total) 
1.2-Dichloropropane 

1 -Butan01 

2-Butenol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 

4Methyl-2-pentanone 

Acetone 

Benzene 

Brornodichlorornethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chlorornethane 

Dibrornochlorornethene 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

3200U 

1600U 

1 600U 

l600UJ 

8 1 OOOU 

8 1 OOOU 

1 600UJ 

1600UJ 

8 1 OOOU 

8 1 OOOU 
1 600U 

l600UJ 

l600U 

1600U 

l600U 

1600U 

l600U 

1600U 

1 600U 

l600U 

1600U 

1600UJ 

1600U 

1600U 

3200UJ 

3200U 

3200U 

l600U 

l6OOU 

1600U 

280000 

81 OOOU 

l600UJ 

1 600UJ 

8 1 000U 

81000U 

1600U 
1 600UJ 

1600U 

1600U 

l600U 

1600U 

l6oOU 

1600U 

1600U 

1 600UJ 

1600U 

1600UJ 

1600U 

1 600U 

3200UJ 

3200U 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

Sample ID: 3TFIRMB4 3TFIRMB4 AGTFSBl AGTFSBl AGTFSB2 AGTFSB3 AGTFSBB AGTFSB4 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  0 2  0 6  0 4  0 2  0 6  0 2  

Impact to  Zone* *: N3TF N3TF AGTF AGTF AGTF AGTF AGTF AGTF 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10/17/94 1011 7/94 10120194 10120194 10128194 10127194 10127/94 10/20/94 

Methylane chloride 

~Propylbanzene 

Styrene 

TetracMoroethane 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1.3-Dichloropropene 

trans-1,3-Dichloropropene 

1600U 1 6OOU 

3 200U 1 3000 

1 SOOU 1 6OOU 

1 SOOU 1 600U 

1 SOOU 1 6OOU 

1 SOOU 1 6OOU 

1600U 1 600UJ 

1 6OOU 1 6OOU 

l6OOUJ l6OOU 

1 600U 1 600U 

Total Volatile Organic Compounds 0 1390 0 293000 190 2 847 19 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: AHTFSB1 AHTFSBS AHTFSB4 AHTFSB4 APSE2 APSE5 APSE5 APSE6 

NJDEP Soil Cleanup Criteria l Depth: 0 2  0 2  0 2  0 8  0 2  0 2  0 6  0 6  
Impact to Zoneb *: AHTF AHTF AHTF AHTF AP AP AP AP 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10119/94 1011 4/94 1011 4/94 1011 4/94 10126194 1011 2/94 1011 2/94 10121 194 

1 ,l ,1-Trichloroethane 

1,1,2,2-Tetrschloroethane 

1,1,2-Trichloroethane 

1,l -Dichloroethane 

1 ,1-Oichloroethene 

1,2-Oibromoethane 

1,2-Oichloroethane 

1 ,'2-~ichloroethene(TotalJ 

1,2-Dichloropropane 

1 -Butanol 

2-Butanol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

B r o m o f o n  

Broniomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethana 

Dibromochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

See last page for footnotes. 
GERAGHTY & MILLER, INC. r"J 



Page 4 of 3 4  

Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Semple ID: AHTFSB1 AHTFSB2 AHTFSB4 AHTFSB4 APSB2 APSB5 APSB5 APSB6 

NJDEP Soil Cleanup Criteria . Depth: 0 2  0 2  0 2  08  0 2  0 2  0 6  0 6  

Impact to Zone*.: AHTF AHTF AHTF AHTF AP AP AP AP 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 9/94 1011 4/94 10114194 1011 4194 10126194 10112194 1011 2/94 10121194 

Methylens chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,3-Dichloropropene 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 9 5 1300 12000 25890 0 1 40690 5 4  

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant. Bayonne, New Jersey. 

Sample ID: APSB6 DTSB3 DTSB3FR 

NJDEP Soil Cleanup Criteria + Depth: 10 0 4  0 4  

Impact to  Zone++: AP DT DT 

Analyta (ugkg) Residential Non-Residential Groundwater Date: 10121 194 10127194 10127194 

1 ,l ,l -Tnchloroethane 

1,1,2,2-Tetrachloroethane 

1.1,2-Tnchloroethane 

1,l -Dichloroethane 

1.1 -Dichloroethene 

1,2-Dibromoethane 

l,2-Dichloroethane 

1,2-Dichloroethene(Tota1) 

1,2-Dichloropropane 

1 -Butan01 

2-Butanol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodic hloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

2800 

l600U 

l600U 

1600U 

l 6 0 0 U  

3200U 

l600U 

1 600U 

1600U 

8 1 000UJ 

8 1 OOOUJ 

1 600UJ 

1 6OOUJ 

8 1 000U 

8 1 OOOUJ 

1600U 

1600UJ 

1 6OOU 

1600U 

1600U 

1600U 

1600U 

1600U 

6900 

1 6OOUJ 

1600U 

1 600UJ 

1600U 

1600U 

3200UJ 

3200U 

- 

ECPSBl ECPSB2 ECPSB2 

0 2  0 6  12 

ECP ECP ECP 

10120194 10120/94 10120194 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds i n  Soil Semples Collected During the Phese 1 A Remedial Investigation, Beyonne Plent, Bayonne, New Jersey. 

Semple ID: APSB6 DTSB3 DTSB3FR EClRMBl EClRMB3 EClRMB3 ECPSBl ECPSB2 ECPSB2 
NJDEP Soil Cleanup Criteria Depth: 10  0 4  0 4  0 2  0 2  0 6  0 2  0 6  12 

lmpect to Zone*.: AP DT DT U N3TF N3TF ECP ECP ECP 
Analyte (ugkg) Residentiel Non-Residential Groundwater Dete: 10121 194 10127194 10127194 10124194 1011 9194 1011 9/94 10120194 10120194 10120194 

Methylene chloride 

~Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,3-Dichloropropens 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 

l l U J  

22U 

11U 

11U 

11U 

11U 

11U 

11U 

11U 

11U 

7900U 

13000J 

7900U 

7900U 

7900U 

7900U 

7900UJ 

1 OOOJ 

7900U 
7900U 

24UJ 

120 

11U 

11U 

10J 

11U 

l l U J  

120 

11U 

11U 

56000U 

120000U 

56000U 

56000U 

1 1 OOOJ 

56000U 

56000UJ 

480005 

56000U 

56000U 

-- 

See last page for footnotes. 
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Teble 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: ECPSB4 ECPSB5 GFSB1 GTFlRMBl GTFIRMB2 GTFlRMB3 GTFIRMM 

NJDEP Soil Cleanup Criteria Depth: 08  0 2  0 2  0 2  0 2  0 2  0 2  
Impact to  Zone*.: ECP ECP STF GTF GTF GTF GTF 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 9/94 1011 9/94 1011 2/94 10/06/94 1011 7/94 10/05/94 1011 7/94 

1 ,l ,l -Trichloroethane 

1 ,I ,2,2-Tetrachloroethene 

1,1,2-Trichloroethane 

1 ,l -Dichloroethane 

1.1 -Dichloroethene 

1.2-Dibromoethane 

1.2-Dichloroethane 

1,2-Diohloroethene(Totfl 

1,2-Dichloropropane 

1 -Butan01 

2-Butanol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 

4-Methyl-2-pentanone 

Acetone 
Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroathane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

1400U 

1400U 

1400U 

1400U 

1400U 

2800U 

1400U 

1400U 

1400U 

7 1 OOOU 

7 1 OOOU 

140OUJ 

1400UJ 

7 1 OOOU 

7 1 OOOU 

1400U 
1400UJ 

1400U 

1400U 

1400U 

1400U 

1400U 

1 400UJ 

1400U 

1400U 

1400U 

1400UJ 

1 400U 

1400U 

2800UJ 

2800U 

See last page for footnotes. 
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Table 5-2. Volatile Orgenio Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: ECPSB4 ECPSB5 GFSBl GTFlRMBl GTFlRMB2 GTFlRMB3 GTFIRMB4 

NJDEP Soil Cleanup Criteria l Depth: 08  0 2  0 2 0 2  0 2  0 2  0 2  

Impact to Zoneo': ECP ECP STF GTF GTF GTF GTF 

Anelyte (ug/kg) Residential Non-Residential Groundwater Date: 1011 9/94 1011 9194 1011 2/94 10106194 1011 7194 10105194 1011 7/94 

Methylens chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenae (Total) 

cis-1,3-Dichloropropene 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 112 352 1930 9 2 3 3 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFlRMB5 GTFIRMBSFR GTFlRMB5 GTFIRMB6 GTFIRMB7 GTFIRMB8 GTFlRMB8 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 2  0 6  0 4  0 2  0 2  0 8  
Impact to Zone* *: GTF GTF GTF GTF GTF GTF GTF 

Anelyte (ugkg) Residential Non-Residential Groundwater Date: 10/05/94 10/05/94 10/05/94 10/05/94 1011 7/94 1011 8/94 1011 8/94 

1 , 1 ,l -Trichloroethane 

1,1,2,2-TetrecNoroethene 

1,l.Z-Trichloroethane 

1, 1 -Dichloroethene 

1,l -Dichloroethene 

1,2-Dibrornoethene 

1.2-Dichloroethene 

1,2-Dichloroethene(Tota1) 

1,2-Dichloropropane 

1 -Butan01 

2-Butanol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoforrn 

~romomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Haxane 

Methyl-t-butyl ether 

- - -  

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFIRMBS GTFlRMB5FR GTFIRMBS GTFIRMB6 GTFIRMB7 GTFIRMB8 GTFIRMBB 
NJDEP Soil Cleanup Criteria Depth: 02  02  06 04  02  02  08 

Impact to Zone*.: GTF GTF GTF GTF GTF GTF GTF 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10105194 10105194 10105194 10/05194 1011 7194 1011 8194 1011 8194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis- 1.3-Dichloropropene 

trans- 1,3-Dichloropropene 

Total Volatile Organic Compounds 245 23 516 174 2 45 74  

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFIRMB9 GTFSBl GTFSB1 GTFSB2 GTFSB3 GTFSB4 GTFSB5 GTFSB6 GTFSB7 
NJDEP Soil Cleanup Criteria Depth: 0 2  0 2  0 8  0 2  0 2  0 2 0 2  0 2  0 2  

Impact t o  Zone*.: GTF GTF GTF GTF GTF GTF GTF GTF GTF 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10105194 1011 0194 1011 0194 1011 3/94 1011 0194. 1011 3 /94  1011 3/94 1011 1194 1011 3/94 

1 , 1 ,l -Trichloroethane 

1,1,2,2-Tetrachloroethene 

1,1,2-Trichloroethanr 

1 , 1 -Dichloroethane 

1.1 -Dichloroethene 

1.2-Dibromoethane 

1,2-Dichloroethane 

1,2-Dichloroethene(Total) 

1.2-Dichloropropane 

1 -Butan01 

2-Butenol 

2-Butanone 

2-Hexenone 

2-Methyl-2-propanol 

2-Propanol 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

1 7 W U  

1700U 

1700U 

1700U 

1700U 

3 6 W U  

17WUJ 

1700U 

1700U 

9 1000U 

91  OOOU 

1700UJ 

1700UJ 

9 1 w o u  

9 1 OOOU 

1700U 
1700UJ 

1700U 

1700U 

1700U 

1700U 

1700UJ 

1700U 

1700U 

1700U 

1700U3 

1700U 

1700U 

1700U 

3600U 

3600U 

11U 

11U 

11U 

11U 

11U 

23U 

11U 

11U 

11U 
570UJ 

570U 

l l U J  

11U 

570UJ 

570UJ 

11U 

27U 

11U 

11U 

11U 

11UJ 

11U 

11U 

11U 

l l U J  

11U 

1 l U J  

11U 

11U 

23U 

23U 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFIRMB9 GTFSB1 GTFSBl GTFSB2 GTFSB3 GTFSB4 GTFSBS GTFSB6 GTFSB7 
NJDEP Soil Cleanup Criteria Depth: 02  02  08 02  02  02 02 02 02 

Impact to Zonev *: GTF GTF GTF GTF GTF GTF GTF GTF GTF 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10105194 10110l94 10/10/94 10113194 10110194 1011 3/94 10113194 1011 1/94 10113194 

Methylens chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,3-Dichloropropene 

trans-1.3-Dichloropropene 

Total Volatile Organic Compounds 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

Sample ID: GTFSB7 GTFSB8 GTFSB8 GTFSB9 GTFSB9 LAlRMBl LOSBl LOSBl LOSE2 

NJDEP Soil Cleanup Criteria Depth: 08  0 4  08  0 2  08  0 2 0 4  08 0 4  
Impact to Zone*.: GTF GTF GTF GTF GTF LO LO LO LO 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 3194 1011 3194 1011 3/94 10113194 1011 3194 10124194 10125194 10125194 1011 4194 

1 ,l , 1 -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1.1 -Dichloroethane 

1,l-Dichloroethene 

1.2-Dibromoethane 

1,2-Dichloroethane 

1.2-Dichloroethene(Total) 

1,2-Dichloropropane 

1 -Butan01 

2-Butanol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 

&Methyl-2-pentanone 

Acetone 

Benzene 

Brornodichloromethane 

Brornoform 

Bromornethane 

Cerbon disulfide 

Cerbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

C hloromethane 

Dibrornochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFSB7 GTFSB8 GTFSB8 GTFSB9 GTFSBS LAlRMBl LOSBl LOSBl LOSB2 

NJDEP Soil Cleanup Criteria l Depth: 08  0 4  08  0 2  08  0 2  0 4  08  0 4  
Impact to  Zone4 *: GTF GTF GTF GTF G TF LO LO LO LO 

Anelyte (ug/kg) Residential Non-Residential -Groundwater Date: 1011 3/94 1011 3/94 1011 3194 1011 3194 1011 3194 10124194 10125194 10125194 1011 4194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tatrechloroethane 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,s-Dichloropropene 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 3000 23 55  13 46250 8 162 5220 66  

- - -  

See last page for footnotes. 



Table 5-2. Volatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Page 15 of 3 4  

Sample ID: LOSB2 LOSE3 LOSB4 LOSB4 LOSB8 LOSB8 LOSB9 LOSB9 

NJDEP Soil Cleanup Criteria + Depth: 08 0 2  02 0 6  0 2  08 0 2  0 6  

Impact to Zone*": LO LO LO LO SS ss . LO LO 
Analyte (uglkg) Residential Non-Residential Groundwater Dete: 1011 4194 10124194 10124194 10124194 10124194 10124194 10125194 10125194 

1.1 ,l -Trichloroethane 

1,1,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1.1 -Dichloroethane 

1.1 -Dichloroethene 

1.2-Dibromoethane 

1,2-Dichloroethane 

1,2-Dichloroethene(Total) 

1,2-Dichloropropane 

1 -Butan01 

2-Butenol 

2-Butanone 

2-Hexenone 

2-Methyl-2-propanol 

2-Propanol 

4-Methyl-2-pentenone 

Acetone 

Benzene 

Brornodichloromethene 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibrornochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Eayonne Plant, Bayonne, New Jersey. 

Sample ID: LOSB2 LOSB3 LOSE4 LOSB4 LOSB8 LOSB8 LOSBS LOSES 

NJDEP Soil Cleanup Criteria Depth: 08  0 2 0 2  0 6  0 2  08  0 2  0 6  

Impact to Zonemm: LO LO LO LO SS SS LO LO 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 4194 10124/94 10124194 10124194 10124194 10124/94 10125194 10125194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-l,3-Dichloropropene 

trans-1,3-Dichloropropsne 

Total Volatile Organic Compounds 

See laat page for footnotes. 
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Teble 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Beyonne. New Jersey. 

Semple ID: LOSB10 LOSB10 LOSBl1 LOSBl 2 LOSBl 2 LOSBl3 LOSE1 3FR 

NJDEP Soil Cleanup Criteria + Depth: 0 4  08  0 2  0 2  0 6  02 0 2  

lmpect to Zone++: LO LO LO LO LO LO LO 

Anelyte (ugkg) Residentiel Non-Residential Groundwater Date: 10128194 10128194 10125194 10125194 10125194 10131 194 1013 1/94 

Acetona 

Benzene 
Bromodichloromethane 

Bromoform 

Bromomethene 

Cerbon disulfide 

Cerbon tetrachloride 

Chlorobenzene 

Chloroethene 

Chloroform 

Chloromethene 

Dibromochloromethene 

Ethylbenzene 

Hexene 

Methyl-t-butyl ether 

See lest page for footnotes. 
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Table 52. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

Page 18 of 3 4  

Sample ID: LOSBlO LOSBlO LOSBl1 LOSBl2 LOSBl2 LOSBl3 LOSBl3FR 

NJDEP Soil Cleanup Criteria Depth: 0 4  08  0 2  0 2  0 6  0 2  0 2  
Impact to Zone*': LO LO LO LO LO LO LO 

Anelyte (ugkg) Residential Non-Residential Groundwater Date: 10128194 10128194 10125194 10125194 10125194 1013 1 194 10131 194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tstrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1.3-Dichloropropene 

trans-1,3-Dichloropropene 

1500U 

3 1 OOU 

1 500U 

1 500U 

1500U 

1500U 

1500UJ 

1500U 

1500U 

1500U 

Total Volatile Organic Compounds 800 6800 4 0 0 0 0 

- - 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: LOSE1 3 LOSE1 4 LOSBl 5 LOSE16 LOSE1 7 LOSBl 8 LOSE1 8 LOSBl8FR 

NJDEP Soil Cleanup Criteria . Depth: 08  0 2  02 0 4  0 2  0 2  08  08 

Impact to Zonemm: LO LO LO LO LO LO LO LO 

Anelyte (ugkg) Residential Non-Residential Groundwater Date: 1013 1 194 10125194 10124194 10125194 10124194 10124194 10124194 10124194 

1 ,l ,l -Trichloroethane 

1 ,I ,2,2-Tetrachloroethane 

1,1,2-Trichloroethane 

1 ,l -Dichloroethane 

1 ,l -Dichloroethene 

1.2-Dibromoethane 

1,2-Dichloroathane 

1,2-Dichloroethene(Total) 

1,2-Dichlorogropane 

1-Butanol 

2-Butanol 
2-Butanone 

2-Hexanone 

2-~ethy l -2-~ropanol  

2-Propanol 
&Methyl-2-pentanone 
Acetone 

Benzene 
Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 
Hexane 

Methyl-t-butyl ether 

See last page for footnotes. 
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Table 6-2. Volatile Organic Compounds in Soil Semples Collected During the Phase 1A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

Sample ID: LOSB13 LOSB14 LOSBl5 LOSBl6 LOSBl7 LOSB18 LOSB18 LOSBl8FR 

NJDEP Soil Cleanup Criteria ' Depth: 08 0 2  0 2  0 4  0 2  0 2  08  0 8  

Impact to Zone*': LO LO LO LO LO LO LO LO 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10131 134 10125134 10124194 10125134 10124194 10124i94 10124134 10124134 

Methylene chloride 

n-Propylbenzene 

Styrene 

TetracMoroethene 

Toluene. 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1.3-Dichloropropene 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 129 1757 6 0 4 1 16 19 

See last page for footnotes. 
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Table 5-2. Voletile Organic Compounds in Soil Semples Collected During the Phase 1A Remediel Investigetion, Bayonne Plent. Beyonne, New Jersey. 

Pege 21 of 3 4  

Semple ID: MBSBl MBSB2 MBSB3 MBSB3 MBSB3FR MDCSB2-03 N2TFSB2 

NJDEP Soil Cleanup Criteria ' Depth: 0 2  0 2  0 6  10 10 03 0 2  

lrnpect to  Zone": MB MB MB MB MB MDC N 2TF 

Anelvte (ugkg) Residential Non-Residential Groundwater Dete: 10125/94 10121 194 10125194 10125194 10125194 1011 1 194 1011 9194 

Acetone 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethene 

Carbon disulfide 

Carbon tetrechloride 

Chlorobenzsne 

Chloroethene 

Chloroform 

C hloromethene 

Dibromochloromethene 

Ethylbenzene 

Hexene 

Methyl-t-butyl ether 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Page 22 of 3 4  

Sample ID: MBSBl MBSBZ MBSB3 MBSB3 MBSB3FR MDCSBZ-03 N2TFSB2 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 2  0 6  10 10. 0 3  0 2  

Impact to Zone*.: MB MB MB MB MB MDC N2TF 

Aneiyte (uglkg) Residential Non-Residential Groundwater Date: 10125194 10121 194 10125194 10125194 10125194 1 OH 1194 10119194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tetraohloroethene 

Toluene 

Triohloroethene 

Yinyl chloride 

Xylenes (Totel) 

cis-1,3-Diohloropropene 

trans-1,3-Diohloropropene 

Total Voletile Organic Compounds 77 35  0 11530 8260 11 5 

-- 

See last page for footnotes. 
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Page 23: of 34 

Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: N2TFSB4 N2TFSB4 N2TFSB5 N2TFSB5 N3TFSB1 N3TFSB2 

NJDEP Soil Cleanup Criteria + Depth: 0 2  06 0 2  06  0 2  0 2 

Impact to Zone*': N2TF N2TF N2TF N2TF N3TF AP 

Analyte luglkg) Residential Non-Residential Groundwater Date: 10128194 10128194 1011 9/94 ' 1011 9/94 1011 8/94 1011 9/94 

4-Methyl-2-pentanone 

Acetone. 

Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfida 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Hexane 
Methyl-t-butyl ether 

1500U 

1500U 

1500U 
1 500U 

1500UJ 
31 OOU 

1500U 

1500U 

1 500UJ 

78000UJ 
78000U 

1500UJ 

1500UJ 

78000UJ 
78000U 

1500U 
1500UJ 

290J 
1 500U 

1500U 

1500U 

1 500UJ 
1500U 

1500U 

1500U 

1500U 
1500UJ 

1500U 

8700 

7100J 
3 1 OOU 

57U 

57U 
57U 
57U 

57U 
l l O U  

57U 

57U 

57U 
2800U 
2800U 
57UJ 

57U 

2800U 
2800UJ 

57U 
85UJ 

57U 
57U 

57U 

57U 
57U 

57u 
57U 

57 U 
57U 

57U 
57U 

57U 

290 
l l O U  

See last page for footnotes. 
GERAGHTY & MILLER, INC. f i  



Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

-... 

Page 24  of 3 4  

Sample ID: N2TFSB4 N2TFSB4 N2TFSB5 N2TFSB5 N3TFSBl N3TFSB2 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  0 2  0 6  0 2  0 2  

Impact to Zonee*: N2TF N2TF N2TF N2TF N3TF AP 

Analyte (uglkgl Residential Non-Residential Groundwater Date: 10128194 10128194 1011 9/94 1011 9/94 1011 8/94 1011 9/94 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1.3-Dichloropropsns 

trans-1.3-Dichloropropsns 

Total Volatile Organic Compounds 6 63390 39 661 135 33 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

,. - 
Page 25 of 34 

Semple ID: N3TFSB2 N3TFSB2FR N3TFSB3 N3TFSB4 N3TFSB5 N3TFSB6 

NJDEP Soil Cleanup Criteria Depth: 0 6  0 6  0 2  0 2  08 0 2  
Impact to Zone": AP AP N3TF N3TF N3TF N3TF 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 9/94 1011 9/94 1011 3/94 1011 7/94 1011 9/94 1011 8/94 

1 ,l , 1 -Trichloroethane 

1,1,2,2-Tetrachloroathane 

1,1,2-Trichloroethane 
1 ,l -Dichloroethane 

1,l -Dichloroethene 

1.2-Dibromoethane 

1,2-Dichloroethane 

1,2-Dichloroethene(Total) 
1,2-Dichloropropane 

1 -Butan01 

2-Butanol 

2-Butanone 

2-Hexanone 

2-Methyl-2-propanol 

2-Propanol 
4-Methyl-2-pentanone 

Acetone 

Benzene 
Bromodichloromethane 

Bromoform 
Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobanzene 

Chloroethane 

Chloroform 

Chlorometlpne 

Dibromochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

1400U 
1400U 

1400U 
1400U 

1400U 

29OOU 

1400U 
1400U 
1400U 

74000UJ 

74000u 

1 W U J  

1400UJ 
74000U 

74000UJ 
1400UJ 
140OUJ 

1 W U  

1400U 
1400U 

1400U 
1400UJ 

1400U 

1400U 
1400U 

140ou 

1400UJ 

1400U 

3100J 

3000J 

2900U 

3oooU 
1400u 

1400U 
1400UJ 

74000u 
74000U 

1400UJ 
1400UJ 

74000U 

74oooU 
140ou 

1400UJ 
1400U 

1400u 
1400U 

1400U 
1400U 

1400U 
3500 

1400U 

1400U 

1400UJ 

1400U 

1400U 
1 OOOOJ 

3000U 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

Sample ID: N3TFSB2 N3TFSB2FR N3TFSB3 N3TFSB4 N3TFSB5 N3TFSB6 

NJDEP Soil Cleanup Criteria f Depth: 0 6  0 6  0 2  0 2  08 0 2  

Impact to Zonem*: AP AP N3TF N3TF N3TF N3TF 

Analyte (ugkg) Residential Non-Residential Groundwater Data: 1011 9194 1011 9194 1011 3194 1011 7/94 1011 9194 1011 8194 

Methylene chloride 

nPropylbenzene 

Styrene 

Tetrechloroethene 

Toluene 

Trlchloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,3-Dichloropropens 

trans-1.3-Dichloropropene 

21 WOO 
.. 

97000 

6000 

1000000 

54000 

7000 

1000000 

5000 

5000 

Total Volatile Organic Compounds 3850 2080 0 1 18300 27500 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phese 1 A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

Sample ID: N3TFSB7 N3TFSB7 ' N3TFSB8 N3TFSB8 N3TFSB9 PNlSB2 PNlSB2 

NJDEP Soil Cleanup Criterie Depth: 0 2  0 6  0 2  0 6  0 2  0 4  08 
Impact to Zone": N3TF N3TF N3TF N3TF N3TF P I  P 1 

Anelyte (ugkg) Residentiel Non-Residential Groundwater Date: 1011 8194 1011 8194 1011 8194 1011 8/94 1 1/02/94 1 1102194 1 1 I02194 

1 ,l,l-Trichloroethene 

1,1,2,2-Tetrechloroethene 
1 ,lei-Triohloroethene 

1,l-Dichloroethene , 

1.1 -Dichloroethene 

l,2-Dibromoethene 

l,2-Dichloroethene 

1,2-Dichloroethene(Totel) 

1.2-Dichloropropene 

1 -Butan01 

2-Butenol 

2-Butanone 

2-Hexenone 
2-Methyl-2-propenol 

2-Propenol 
4-Methyl-2-pentenone 

Acetone 

Benzene 

Bromodichtoromethene 

Bromoform 

Bromomethene 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethene 

Chloroform 

Chloromethene 
Oibromochloromethane 

Ethylbenzene 

Hexene 
Methyl-t-butyl ether 

12U 

12U 
12U 

12U 
12U 

24U 

12U 
12U 

12U 
590U 

590U 
39J 

12U 
590U 

17J 
12U 
1 OOUJ 
12U 

12U 

12U 

12U 

12U 

12U 

1 ZU 

12U 
12U 

12u 
12U 

12U 
24U 

24U 

See lest page for footnotes. 
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Teble 5-2. Voletile Orgenic Compounds i n  Soil Samples Collected During the Phese 1 A Remediel Investigetion, Bayonne Plent, Beyonne, New Jersey. 

Page 28 of 3 4  

SempleID:N3TFSB7 N3TFSB7 N3TFSB8 N3TFSB8 N3TFSB9 PNlSB2 PNlSB2 

NJDEP Soil Cleenup Criteria Depth: 0 2  0 6  0 2  0 6  0 2  0 4  0 8  

lmpect to Zone*.: N3TF N3TF N3TF N3TF N3TF P 1 P 1 
Anelyte (ugikg) Residentiel Non-Residential Groundweter Dete: 1011 8/94 1011 8/94 1011 8/94 1011 8/94 1 1/02/94 1 1/02/94 1 1/02/94 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tstrechloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Totel) 

cis-1,3-Dichloropropsns 

trens-1,3-Dichloropropene 

Totel Voletile Orgenic Compounds 265220 68 5 21 590 785730 240 30  83 

See lest pege for footnotes. 

GERAGHTY 8 MILLER, INC. 
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 able 5-2. Volatile Organic Compounds in  Soil Samples Collected During the Phase 1A Remedial Investigation, Bapnne Plant, Bapnne, New Jersey. 

Semple ID: PSSB1 PSSBl SSBl SSB3 SSB3 STFSBl STFSB1 STFSBZ 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  16 0 6  10 0 2  0 6  08  
Impact to Zone*": MB MB SS SS SS STF STF STF 

Anelyte (uglkg) Residential Non-Residential Groundwater Dete: 10131 194 10131 194 10124194 10124194 10124194 10126194 10126194 10126194 

1.1.1 -Trichloroethane 

1 ,I ,2,2-Tetrachloroethane 

1.1,2-Trichloroethane 

1 ,l -Dichloroethane 

1, l  -Dichloroethene 
1.2-Dibromoethane 

1,2-Dichloroethane 

1,2-Dichloroethene(Total) 
1.2-Dic hloropropane 

1 -Butan01 

2-Butanol 

2-Butenone 

2-Hexanone 

2-Methyl-2-propsnol 

2-Propenol 
4-Methyl-2-pentanone 

Acetone. 

Benzene 
Bromodichloromethene 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 

C hloromethane 
Dibromochloromethane 

Ethylbenzene 

Hexene 
Methyl-t-butyl ether 

1500U 

1 500UJ 

1500U 

1500U 

1500UJ 
3200U 

1500u 

1 m u  
1500UJ 
80000UJ 

80000U 

1500UJ 
1500UJ 

80000U 

80000U 

1 SOOU 
1500UJ 

1500U 
1500U 

1500U 

1500U 
1 500UJ 

1 SOOU 

1500U 
1500U 

1500U 
1500U 

1 500U 

1500U 

3200U 

3200U 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: PSSBl PSSBl SSBl SSB3 SSB3 STFSBl STFSBl STFSB2 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  16  0 6  1 0  0 2  0 6  08 

Impact to Zone*': MB MB SS SS SS STF STF STF 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10131 194 1013 1194 10124194 10124194 10124194 10126194 10126194 10126194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,3-Diohloropropene 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 0 10170 18  7 8 16640 137040 860 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Page 31 of 3 4  

Sample ID: FBNA1-100594 FBNA5-101994 FBNA6-102094 FBNA7-102594 FBNA9-I02694 

NJDEP Soil Cleanup Criteria l Depth: 

Impact to Zoneaa: 

Analvte (ugkg) Residential Non-Residential Groundwater Dete: 10105194 1011 9194 10120194 10125194 10126194 

Acetone 
Benzene 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

C hloroform 

Chloromethane 

Oibromochloromethane 

Ethylbenzene 

Hexane 
Methyl-t-butyl ether 

-- 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: FBNA 1-100594 . FBNA5-101994 FBNA6-102094 FBNA7-102594 FBNA9-102694 

NJDEP Soil Cleanup Criteria Depth: 

Impact to Zone*.: 

Analyte (ugkg) Residential Non-Residential Groundwater Date: 10105194 1011 9/94 10120194 10125194 1 0128194 

Methylane chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Triohloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1.3-Dichloropropene 

trans-1,3-Dichloropropene 

Total Volatile Organic Compounds 0 5 0 3 0 

See last page for footnotes. 
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Table 5-2. Volatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Page 33 of 3 4  

Sample ID: FBNA11-102794 FBNA13-102894 FBNA14-102894 FBNA17-103194 

NJDEP Soil Cleanup Criteria Depth: 

Impact to Zonesu: 

Anelyte (ugkg) Residential Non-Residential Groundwater Date: 10127194 10128194 10128194 1013 1 194 

1 ,l -Dichlordethene 

1,2-Dibromoethene 

1,2-Dichloroethane 

1.2-Dichloroethena(Total) 
1,2-Dichloropropane 

1 -Butan01 

2-Butanol 

2-Butanone 
2-Hexanone 

2-Methyl-2-propanol 
2-Propanol 

4-Methyl-2-pentanone 

Acetone 

Benzene 

Bromodichloromathane 

Bromoform 

Brornomethane 
Carbon disulfide 

Carbon tetrachloride 

Chlorobenzene 

Chloroethane 

Chloroform 
Chloromethane 

Dibromochloromethane 

Ethylbenzene 

Hexane 

Methyl-t-butyl ether 

See last page for footnotes. 
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Table 5-2. Volatile Organio Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

Sample ID: FBNAl l-102794 FBNA13-102894 FBNA14-102894 FBNA17-103194 

NJDEP Soil Cleanup Criteria Depth: 

Impact to Zone*.: 

Analyte (ugkg) Residential Non-Residential Groundwater Date:. 10127194 10128194 10128194 10131194 

Methylene chloride 

n-Propylbenzene 

Styrene 

Tetrachloroethene 

Toluene 

Trichloroethene 

Vinyl chloride 

Xylenes (Total) 

cis-1,3-Dichloropropene 

trans-1,3-Dichloropropene 

Total Voletile Organic Compounds 0 3 8 1 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criteria in micrograms per kilogram (uglkg) (equivalent to parts per billion jppbl). 

Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North Carolina, using Contract Leboratory Program (CLP) 

protocols conteined in  the Statement of Work (SOW) OLM01.8. 

Sample results exceeding the NJDEP impact to groundwater criteria are shown in bold. Sample results exceeding the NJDEP non-residential criteria are underlined. 

Sample results exceeding both criteria are shown in bold and underlined. 

NJDEP New Jersey Department of Environmental Protection. 

FBNA Indicates a field blank associated with non-aqueous samples. 

FR Field replicate of previous sample. 

U The compound was analyzed for, but not detected at the specific detection limit. 

J Estimated result. 
-. No applicable criteria. 

NJDEP Soil Cleanup Criteria, February 3, 1992; last revised February 3, 1994. . Zones as defined in Table 3-2. 

GERAGHTY 64' MILLER, INC. 



Table 5-3. Semivoletile Organic Compounds in Soil Samples Collected During the Phese 1 A Remedial Investigetion, Bayonne Plant, Bayonne, New Jersey. 

Anelyte t u g k ~ )  

1,2,4Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1.4-Dichlorobenzene 
2,2'-oxybis( 1 -Chloropropene) 
2,4,5-Trichlorophenol 
2.4,6-Trichlorophenol 
2.4-Dlchlorophenol 
2.4-Dimethylphenol 
2,4-Dinitrophenol 
2,4Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthelene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroeniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroeniline 
QChlorophenyl phenyl ether 
4-Methylphenol 
&Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(e)enthrecene 
Benzo(a)pyrene 

NJDEP Soil Cleanup Criteria ' Sample ID: 3TFIRMB4 
Depth: 0 2  

Impact to Zonewm: N3TF 
Residential Non-Residential Groundwater Date: 1011 7/94 

68000 1 200000 100000 390U 
5 1 00000 10000000 50000 240J 
5100000 10000000 1 00000 1405 
570000 10000000 100000 200J 

2300000 10000000 10000 390U 
5600000 10000000 50000 950U 

62000 270000 10000 390U 
170000 3100000 10000 390U 

1100000 10000000 10000 390U 
1 10000 21 00000 10000 950U 

1000 4000 10000 390U 
1000 4000 10000 390U 

-- -. -- 390U 
280000 5200000 10000 390U 

.- -- -- 46J 
2800000 10000000 -- 390U 

-- -- .- 950U 
-- -- -- 390U 

2000 6000 100000 390U 
-- -- .. 950U 
-- -- -- 950U 
-- -. -. 390U 

10000000 10000000 100000 390U 
230000 4200000 -- 390U 

-- -- -- 390U 
2800000 10000000 -- 390U 

-- -- -- 950U 
-- -- -- 950U 

3400000 10000000 100000 390U 
-- -- .- 390U 

10000000 10000000 100000 390U 
900 4000 500000 410 
660 660 100000 270J 

AGTFSBl 
0 2 
AGTF 
10/20/94 

8500U 
8500U 
8500U 
8500U 
8500U 
21000U 
8500U 
8500U 
8500U 
21000U 
8500U 
8500U 
8500U 
8500U 
9400 
8500U 
2 1 OOOU 
8500U 
85009J 
21000U 
2lOOOUJ 
8500U 
8500U 
8500U 
8500U 
8500U 
21000UJ 
21000UJ 
8500U 
8500U 
2100J 
2000J 
1 500J - 

AGTFSBl 
06  
AGTF 
10120194 

AGTFSB2 
0 4  
AGTF 
10128134 

l0000U 
1 0000U 
l0000U 
l0000U 
1 OOOOU 
26000U 
l0000U 
l0000U 
l0000U 
26000UJ 
l0000U 
l0000U 
l0000U 
l0000U 
20000 
l0000U 
26oooU 
l0000U 
1 0000UJ 
26000U 
26000UJ 
l0000U 
1 OOOOU 
l0000U 
lO000U 
l0000U 
26OOOU 
26000U 
lOOOOU 
1 0000U 
1800J 
9000J - 
1 2000 

AGTFSB3 
0 2  
AGTF 
10127194 

800U 
800U 
800U 
800U 
800U 
1900U 
800U 
800U 
800U 
1900UJ 
800U 
800U 
800U 
800U 
120j 

800U 
1900U 
800U 
800UJ 
1900U 
1900UJ 
800U 
800U 
800U 
800U 
800U 
1900U 
1 900UJ 
88J 
800U 
320J 
1600J 
2200J - 

See lest page for footnotes. 

GERAGHTY & MILLER, INC. 



Table 5-3. Semivoletile Organic Compounda in Soil Samples Collected During the Pheae 1 A Remedial Investigation, Beyonne Plant, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: 3TFIRMB4 3TFIRMB4 AGTFSBl AGTFSB1 AGTFSB2 AGTFSB3 
Depth: 02  06 02  06 04  02  

Impact to Zone*.: N3TF N3TF AGTF AGTF AGTF AGTF 
Anelyte (ugkg) Residential Non-Reaidentiel Groundwater Date: 1011 7/94 1011 7/94 10120194 10120194 10128194 10127194 

Benzo(b)fluorenthene 
Benzo(g, h,i)perylene 
Benzo(k)fluorenthene 
Butyl benzyl phthelete 
Cerbszole 
Chrysene 
Di-n-butyl phthelete 
Di-n-octyl phthelete 
Dibsnzo(e, hlsnthrscene 
Dibenzofuren 
Diethyl phthelete 
Dimethyl phthelete 
Fluorenthene 
Fluorene 
Hexschlorobenzene 
Hexechlorobutediene 
Hexechlorocyclopentadiene 
Hexachloroethene 
Indeno(l,2,3-cdlpyrene 
leophorone 
N-Nitroso-di-n-propylernine 
N-Nitrosodiphenylemine 
Naphthalene 
Nitrobenzene 
Pentechlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phtheIete 

8400J - 
6900J 
8700J - 
1 owou 
lOOOOU 
12000 
1 OWOU 
1 OOOOUJ 
5400J 
1800J 
1 OWOU 
1 o w o u  
5000J 
39WJ 
lOOOOU 
1MXX)u 
1 0000U 
1 0000U 
46WJ 
1 0000U 
1OOOOU 
1 W W U  
IOOOOU 
1 0000U 
26000U 
14000 
1WOOU 
8900J 
10000u 
1 OOOOU 
1WOOU 

Total Semivoletile compounds 6490 53290 45300 81400 122200 20905 

See lest page for footnotes. 

GERAGHTY & MILLER, INC. 



Page 3 of 43 

Teble 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remediel Investigetion, Beyonne Plant, Bayonne. New Jersey. 

NJDEP Soil Cleenup Criteria ' Sample ID: AGTFSB3 AGTFSB4 AHTFSBl AHTFSB2 AHTFSB4 AHTFSB4 
Depth: 06 02 02  02  02  08 

Impact to Zone4 *: AGTF AGTF AHTF AHTF AHTF AHTF 
Anelyte (ugkg) Residential Non-Residential Groundwater Date: 10127194 10120194 1011 9/94 1011 4/94 1011 4/94 1011 4/94 

4.6-Dinitro-2-methylphenol 
4-Bromophenyl phanyl ether 

4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
QNitrophenol 
Acenephthene 
Acenephthylene 
Anthracene 

1200000 
10000000 
10000000 
10000000 
10000000 
10000000 
270000 

3 1000w  
10000000 
2 1 OOOW 

4000 
4000 

-- 
5200000 

-- 
1000w00 

-. 
-- 

6000 
-- 
-- 
-- 

10000000 
4200000 

-- 
10000000 

-- 
-- 

10000000 
-- 

10000000 
4000 
6 60 

24000U 
2 4 0 w u  
24000U 
24000U 
24000U 
610WU 
24000U 
24000U 
2 4 0 w u  
61000UJ 
24000U 
24000U 
2 4 0 w u  
2 4 0 w u  
24000U 
24000U 
6 1 OOOU 
24000U 
24000U 
6 1 OOOU 
61000U 
24000U 
24000U 
24000UJ 
24000U 
24000U 
61 OOOU 
6 1 OOOU 
24000U 
24000U 
24000U 
4000J 
2500J - 

7 1 OOU 
71WU 
71WU 
71WU 
71WU 
17000U 
71WU 
71WU 
71WU 
17000UJ 
71WU 
71WU 
71WU 
71WU 
12WJ 
71 W U  
17000U 
71 W U  
71 W'JJ 
17000U 
17000U 
71WU 
7 1 OOU 
7 1 OOU 
71 W U  
7 1 OOU 
17WOU 
17000UJ 
71 OOU 
7 1 OOU 
7 1 OOU 
71WU ' 

7100U 

3600U 
3600U 
3600U 
3600U 
3600U 
8800U 
3600U 
3600U 
3600U 
8800UJ 
3600U 
3600U 
3600U 
3600U 
1 WOO 
3600U 
8800UJ 
3600U 
3600U 
8800U 
8800UJ 
3600U 
3600U 
3600U 
3600U 
3600U 
8800U 
8800UJ 
3600U 
3600U 
3600U 
3600U 
3600U 

- -  

See lest pege for footnotes. 

GERAGHTY 15' MILLER, INC. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Page '4 of 43 

NJDEP Soil Cleanup Criteria Sample ID: AGTFSB3 AGTFSB4 
Depth: 06 02  

Impact to Zone*": AGTF AGTF 
Residential Non-Residential Groundwater Date: 10127194 10120194 

AHTFSB1 
0 2 
AHTF 
1011 9/94 

AHTFSB2 
02  
AHTF 
1011 4194 

AHTFSB4 
02  
AHTF 
1011 4194 

~p 

AHTFSB4 
08 
AHTF 
1011 4194 Analyte (ug/kg) 

Benzo(b)fluoranthene 
Benzo(g,h,i)peryiene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Cerbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzole,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexechlorobutadiene 
Hexachlorocyclopentediene 
Hexachloroethane 
Indenoll,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyl)phthaIate 

24000U 
24000U 
24000U 
24000U 
24000U 
7100J 
24000U 
24000U 
24000U 
24000U 
24000U 
2 4 0 w u  
24000U 
3900J 
24000U 
24000U 
24000U 
24000U 
24000U 
24000U 
24000U 
24000UJ 
24000U 
24000U 
61 OOOU 
9200J 
24000U 
1 1 OOOJ 
24000U 
24000U 
24000U 

7 1 OOU 
7100U 
7 1 OOU 
7100U 
7 1 OOU 
7100U 
7 1 OOU 
7100U 
7 1 OOU 
7 1 OOU 
7100U 
7 1 OOU 
7 1 OOU 
7 1 OOU 
7100U 
7 1 OOU 
7100U 
7100U 
7100'J 
7 1 OOU 
7 1 OOU 
7 1 OOU 
7100U 
7100U 
17000UJ 
7 1 OOU 
7 1 OOU 
7 1 OOU 
7 1 OOU 
7 1 OOU 
7100U 

Total Semivolatile Compounds 37700 7490 1 200 10830 1 7050 30530 

See last pegs for footnotes. 

GERAGHTY &' MILLER, INC. 



Page 5 of 43 

Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: APSBZ 
Depth: 02 

Impact to Zone*.: AP 
Residential Non-Residential Groundwater Dete: 10126194 

1,2,4-Trlchlorobenzene 
1.2-Dichlorobenzane 
1.3-Dichlorobenzene 
1,4Dichlorobenzene 
2,Z'-oxybis(1-Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophsnol 
2,4-Dinitrotoluena 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene . 
Benzo(a)pyrene 

1 1 OOOU 
1 1000U 
1 1 OOOU 
1 1 OOOU 

2 1 1 OOOU 
26000U 
1 1000U 
1 1 OOOU 
1 1 OOOU 
26000U 
1 1000U 
1 1 OOOU 
1 1 OOOU 
1 1000U 
11 ooou 
1 1 OOOU 
26000U 
1 1 OOOU 
1 1 OOOUJ 
26000U 
26000U 
1 1 OOOU 
1 1000U 
1 1 OOOUJ 
1 1 OOOU 
1 1 OOOU 
26000U 
26000U 
1 1 OOOU 
1 1 OOOU 
1 1 OOOU . 
1 1000U 
1 1 OOOU 

61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
17000J 350U 
61 OOOUJ 350UJ 
150000UJ 840U 
61000UJ 350U 
6lOOOUJ 350U 
61000UJ 350U 
150000UJ 840UJ 
61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
34000J 350U 
61000UJ 350U 
150000UJ 840U 
61000UJ 350U 
6lOOOUJ 350UJ 
150000UJ 840U 
150OOOUJ 840U 
61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
150000UJ 840U 
1 50000UJ 840UJ 
61000UJ 350U 
61000UJ 350U 
61000UJ 350U 
61000UJ 140J 
61000UJ R 

37000U 
37000U 
37000U 
37000U 
37oooU 
91000U 
37000U 
37oooU 
37000U 
91 WOUJ 
37000U 
37000U 
37000U 
37oooU 
37000U 
37000U 
91oooU 
37000U 
37000U 
91000U 
9 1 000U 
37000U 
37000U 
37000UJ 
37000U 
37oooU 
9 1 OOOU 
9 1 000U 
37000U 
37000U 
50000J 
37000U 
37000U 

See last page for footnotes. 

GERAGHTY €3 MILLER, INC. 
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 able 5-3. ~emivolatile Organio Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria l SampleID:APSB2 APSB3 APSB5 APSB5 APSB6 APSB6 DTSB3 
Depth: 02 06 02 06 06 10 04 

Impact to Zonee*: AP AP AP AP AP AP DT 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10126194 10121 134 1011 2194 1011 2194 10121 134 10121 I94 10127194 

Benzo(b)fluoranthene 900 4000 50000 11000U 61000UJ R 3100J 2200J 24000UJ 37000U 
Benzo(g, h,i)perylene .- .- -- 11000U 61000UJ R 2100J 22000UJ 24000UJ 37000U 
Benzo(k)fluoranthene 900 4000 500000 11000U 61000UJ R 2900J 2400J 24000UJ 37000U 
Butyl benzyl phthalate 1100000 10000000 100000 11000U 61000UJ 350UJ 4200U 22000UJ 24000UJ 37000U 
Carbazole -- -- -. 1100OU 61000UJ 350U 4200U 22000UJ 2400OUJ 18000J 
Chrysene 9000 40000 500000 1 lOOOU 61000UJ 190J 13000 7900J 5600J 4100J 
Di-n-butyl phthalate 5700000 10000000 100000 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Di-n-octyl phthalate 1 100000 10000000 100000 1 lOOOU 61000UJ R 4200U 22000UJ 24000UJ 37000U 
Dibenzo(a,h)anthracene 660 660 100000 11000U 61000UJ R 4200U 22000UJ 24000UJ 37000U 
Dibenzofuran .- -- -. 110OOU 61000UJ 350U 4200U 4300J 24000UJ 37000U 
Diethyl phthalate 10000000 10000000 50000 1100OU 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Dimethyl phthalate 10000000 10000000 50000 1100OU 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Fluoranthene 2300000 10000000 100000 llOOOU 61000UJ l60J 5800 3900J 24000UJ 4800J 
Fluorene 2300000 10000000 100000 11000U 61000UJ 350U 2900J 22000UJ 24000UJ 6300J 
Hexachlorobenzene 660 2000 100000 110OOU 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Hexachlorobutadiene 1000 21 000 100000 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Hexaohlorocyclopentadiene 400000 7300000 100000 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Hexachloroethane 6000 100000 100000 1100OU 61000UJ 350U 4200U 22000UJ 24000UJ 370WU 
Indeno(l,2,3-cd)pyrene 900 4000 500000 llOOOU 61000UJ R 1800J 22000UJ 24000UJ 37000U 
Isophorone 1100000 10000000 50000 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
N-Nitroso-di-n-propylamine 660 660 1 0000 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
N-Nitrosodiphenylamine 1 40000 600000 100000 1100OU 61000UJ 350U 4200U 22000UJ 24000UJ 37000UJ 
Naphthalene 230000 4200000 100000 1100OU lOOOOJ 350U 4200U 22000UJ 24000UJ 37000U 
Nitrobenzene 28000 520000 10000 1100OU 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Pentachlorophenol 6000 24000 100000 1400J 150000UJ 840UJ lOO00U 56000UJ 59000UJ 91000U 
Phenanthrene .- -- -- 11000U 16000J 87J 16000 17000J 28000J 9000J 
Phenol 10000000 10000000 50000 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
Pyrene 1700000 10000000 100000 110OOU lOOOOJ 620J 11000 12000J 6900J 8000J 
bis(2-Chloroethoxy)methane .- -- -- 11000U 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
bis(2-Ch1oroethyl)ether 660 3000 10000 1100OU 61000UJ 350U 4200U 22000UJ 24000UJ 37000U 
bis(2-Ethylhexyl)phthaIate 49000 2 1 0000 100000 1100OU 61000UJ 940J 4200U 22000UJ 2400OUJ 37000U 

Total Semivolatile ~om~ou'nds 1400 87000 2137 82800 64800 58500 100200 

- 

See last page for footnotes. 

GERAGHTY & MILLER, INC. 



Table 5-3. Semivoletile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant. Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria l Sample ID: DTSB3FR ECIRMB1 ECIRMB3 ECIRMB3 ECPSBl ECPSB2 
Depth: 0 4  0 2 0 2  06  02 06  

Impact to Zonea*: DT U N3TF N3TF ECPS ECPS 
Anelyte (uglkg) Residential Non-Residential Groundwater Date: 10127194 10124194 1011 9/34 1011 9194 10120194 10120194 

1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2,2'-oxybis(1 -C hioropropene) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2.4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 

2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroeniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 

Acenaphthene 
Acenephthylene 
Anthracene 
Benzo(e)enthrecene 

37000U 
37000U 
37000U 
37000U 
37000U 
9 1 OOOU 
37000U 
37000U 
37000U 
9 1 WOUJ 
37000U 
37000U 
37000U 
37000U 
37000U 
37000U 
9 1 OOOU 
37000U 
37000U 
9 1 OOOU 
9 1 OOOU 
37000U 
37000U 
37000UJ 
37000U 
37000U 
9 1 OOOU 
9 1 OOOU 
37000U 
37000U 
27000J 
37000U 
37000U 

11000UJ 
11000UJ 
1 2005 
3600J 
11000UJ 
29000UJ 
11000UJ 
1 1 OWUJ 
1 1000UJ 
29000UJ 
11000UJ 
1 1 OWUJ 
1 1000UJ 
1 1000UJ 
120005 
11000UJ 
29000UJ 
11000UJ 
1 1 000UJ 
29000UJ 
29000UJ 
1 1 000UJ 
11000UJ 
1 1000UJ 
11000UJ 
1 1 0 0 0 ~ ~ '  
29000UJ 
29000UJ 
1 1 OOOUJ 
1 1000UJ 
1 1000UJ 
2900J 
1 1 OOOUJ 

See lest page for footnotes. 
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Table 6-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plent, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria . Semple ID: DTSB3FR EClRMBl ECIRMB3 ECIRMB3 ECPSBl ECPSB2 
Depth: 0 4  0 2  0 2  0 6  0 2  0 6  

Impact to Zone*.: DT U N3TF N3TF ECPS ECPS 
Analyte (ug/kg) Residential Non-Residential Groundwater Date: 10127194 10124194 1011 9/94 1011 9/94 10120194 10120194 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a, h)anthrecene 
Dibenzofuren 
Diethyl phthalate 
Dimethyl phthalate 
fluoranthene 
Fluorene 
Hexechlorobenzene 
Hexachlorobutadiene 
Hexechlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylemine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methene 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyl)phthalate 

3000 
21 WOO 

37000U 
37000U 
37000U 
37WOU 
7800J 
37000U 
37000U 
37000U 
37000U 
37000U 
37000U 
37000U 
37000U 
4700J 
37000U 
37000U 
370WU 
37000U 
37000U 
37000U 
37000U 
37000UJ 
37000U 
37000U 
9 1 OOOU 
6800J 
37000U 
37000U 
37000U 
37000U 
37000U 

1400J 
11000UJ 
1400J 
11000UJ 
1 lOOOUJ 
5600J 
1 1 WOUJ 
1 1 WOUJ 
1 1 WOUJ 
1 1 WOUJ 
1 1 OOOUJ 
11 WOUJ 
1 l000UJ 
2 7 W J  
1 1 WOUJ 
1 1 WOUJ 
1 1 WOUJ 
1 1 WOUJ 
11000UJ 
1 lOOOUJ 
1 1 WOUJ 
1 1 WOUJ 
7 5 W J  
1 1 WOUJ 
29WOUJ 
8000J 
1 1 WOUJ 
2700J 
1 lOOOUJ 
1 lOOOUJ 
1 1 WOUJ 

Total Semivolatile Compounds 46300 5670 25230 107000 4700 49000 

See last page for footnotes. ,, 

GERAGHTY &3 MILLER, INC. 



Table 5-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Page 9 of 43 

NJDEP Soil Cleanup Criterie Sample ID: ECPSB2 ECPS84 
Depth: 12 08 

Impact to Zone": ECPS ECPS 
Residential Non-Residential Groundweter Date: 10120194 1011 9/94 

GFSB1 GTFlRMBl 
0 2  0 2  
STF GTF 
1011 2/94 1 1 11 6/94 

GTFlRMB2 
0 2  
GTF 
1011 7194 

ECPSB5 
0 2  
ECPS 
1011 9194 

7600U 
7600U 
7600U 
820J 
7600U 
18000U 
7600U 
7600U 
7600U 
1 8000UJ 
7600U 
7600U 
76WU 
7600U 
7600U 
7600U 
18000U 
7600U 
7600UJ 
18000U 
18000UJ 
7600U 
7600U 
7600U 
7600U 
7600U 
18000U 
18000U 
7600U 
7600U 
7600U 
27000 - 
33000 - 

Analyte (ugkg) 

1,2,QTrichIorobenzene 
1.2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4Dichlorobenzene 
2.2'-oxybis(1 -Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2.4-Dichlorophenol 
2,QDimethylphenol 
2,4Dinitrophenol 
2,4-Dinitrotoluene 
2.6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
QChloroaniline 
QChlorophenyl phenyl ether 
4Methylphenol 
&Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthraoene . 

Benzo(a)pyrene 

See last page for footnotes; 

GERAGHTY 63 MILLER, INC. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey, 

NJDEP Soil Cleanup Criteria Sample ID: ECPSB2 ECPSB4 ECPSB5 GFSB1 GTFIRMB1 GTFIRMB2 
Depth: 12 08 02  02  02  02  

Impact to Zone": ECPS ECPS ECPS STF GTF GTF 
Analyte (ugikg) Residential Non-Residential Groundwater Date: 10120194 1011 9194 1011 9194 1011 2194 1 1 11 6194 1011 7194 

Benzo(b)fluoranthene 
Benzo(g, h,i)peMene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a, hlanthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylemine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyllether 
bis(2-Ethylhexyllphthalate 

700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 61 OOJ 
7WOOOUJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
7WOOOUJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 
240000J 24000UJ 
700000UJ 24000UJ 
1800OWUJ 60000UJ 
700000UJ 4600J 
700000UJ 24000UJ 
700000UJ 3800J 
700000UJ 24000UJ 
700000UJ 24000UJ 
700000UJ 24000UJ 

690J 
38WU 
740J 
3800U 
3800U 
38WU 
3800U 
3800U 
3800U 
38WU 
38WU 
3800U 
6WJ  
3800U 
38WU 
3800U 
38WU 
38WU 
3800U 
3800U 
38WU 
38WU 
2500J 
3800U 
9 1 OOUJ 
2000J 
3800U 
3200J 
3800U 
3800U 
490J 

Total Semivolatile compou"ds 5180000 17000 201950 28130 8610 2775 

See last page for footnotes. 

GERAGHTY €8 MILLER, INC. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant. Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: GTFlRMB3 GTFIRMB4 GTFIRMB5 GTFIRMBB GTFIRMB7 
' Depth: 0 2  , 0 2  0 6  0 4  0 2  

Impact to Zone*.: GTF GTF GTF GTF G TF 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1 111 6/94 10H7/94 1 1/16/94 11 116194 10/17/94 

1,2,4-Trichlorobenzene 
1.2-Dichlorobenzene 
1.3-Dichlorobenzene 
l,4-Dichlorobenzene 
2,2'-oxybis(1 -Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Tnchlorophenol 
2,4-Dichlorophenol 
2,4Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronap hthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene , 

Benzo(a)pyrene 

100000 
50000 
100000 
100000 
10000 
50000 
1 woo 
10000 
1 o w 0  
10000 
10000 
1 O W 0  

4 1 W U  
41WU 
4 1 W U  
41 W U  
41 W U  
10000U 
41WU 
41WU 
41WU 
lOOOOUJ 
41 W U  
41 W U  
41 W U  
41 W U  
26000 
41WU 
loooOU 
41 W U  
41 W U  
1 OOOOU 
1 OOOOU 
41 W U  
41 W U  
41WU 
41 W U  
4 1 W U  
1 WOOU 
1 OOOOU 
4100U 
4100U 
4100U 
850J 
670J - 

See last page for footnotes. 

GERAGHTY 6? MILLER, INC. 
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Table 5-3. Semivolatile Organic Compounds i n  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: GTFlRMB3 GTFIRMB4 GTFIRMB5 GTFIRMBB GTFIRMB7 
Depth: 0 2  0 2  0 6  0 4  0 2  

Impact to Zone": GTF GTF GTF GTF GTF 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1 111 6194 1011 7194 1 111 6194 1 111 6194 10117194 

Benzo(b)fluoranthene 
Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-oatyl phthalate 
Dibenzola, hlanthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutediene 
Hexechlorocyclopentediene 
Hexachloroethane 
Indeno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methene 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyl)phthalate 

2600J 
41 00UJ 
1900J 
41 OOUJ 
41 OOU 
1500J 
4100U 
41 00UJ 
4100UJ 
4100U 
41 00U 
4100U 
960J 
4100U 
41 00U 
41 00U 
4100U 
41 00U 
4100UJ 
41 OOU 
4100U 
4100U 
9700 
41 OOU 
lOO00UJ 
1500J 
4100U 
1400J 
4100U 
4100U 
4 1 OOUJ 

Total Semivolatile ~orn~ou.nds 8770 5640 7360 47080 649 1 

See last page for footnotes. 

GERAGHTY & MILLER, INC. 
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Table 5-3. Semivoletile Orgenic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant. Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: GTFlRMB8 GTFlRMB8 GTFIRMBS GTFSBl GTFSB1 GTFSB2 
Depth: 0 2  0 8  0 2  0 2 0 8  0 2 

Impact to Zone": GTF GTF GTF GTF GTF GTF 
Analyte (ugkg) Residential Non-Residential Groundweter Date: 1011 8/94 10/18/94 1 111 6/94 1 111 6/94 10/10/94 1011 3/94 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1 ,QDichlorobenzene 
2,2'-oxybis(1 -Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4Dinitrophenol 
2.4-Dinitrotoluene 
2.6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroeniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroeniline 
4,6-Dinitro-2-methylphenol 
QBromophenyl phenyl ether 
4-Chloro-3-methylphenol 
QChloroaniline 
QChlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
QNitrophenol ', 

Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene . 

Benzo(a)pyrene 

See last page for footnotes. 

GERAGHTY tY MILLER, INC. 
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 able 5-3. ~emivolati le Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation. Bayonns Plant, Beyonne. New Jsrsey. 

NJDEP Soil Cleanup Criteria + Sample ID: GTFlRMB8 GTFIRMBB GTFIRMB9 GTFSB1 GTFSB1 GTFSB2 
Depth: 02 08 02 02 08 02 

Impact to Zone* #: GTF GTF GTF GTF GTF 
Analyte (ugkg) 

GTF 
Residential Non-Residential Groundwater Date: 10/18/94 10/18/94 11 / I  6/94 11 11 6/94 10/10/94 1011 3/94 

Benzo(b)fluorenthene 900 4000 50000 790J 12000UJ R R .- 14000UJ 730J Benzo(g,h,i)perylene -- -- 420J 12000UJ R R 14000UJ R 
Benzo(k)fluoranthene 900 4000 500000 910J 12000UJ R R 140WUJ 840J 
Butyl benzyl phthelate 1 100000 10000000 100000 370UJ 12000UJ R R 14000U 400UJ 
Cnrbezole .- -- -- 370U 12000UJ R R 14000U 400U 
Chrysene 9000 40000 500000 780J 12000UJ R R 20005 320J 
Di-n-butyl phthelats 5700000 10000000 100000 370U 120WUJ R R 14000U 400U 
Di-n-octyl phthelete 1100000 10000000 100000 370UJ l2OOOUJ R R 14000UJ R 
Dibenzo(e,h)enthracene 660 660 100000 340J 12000UJ R R 14000UJ R 
Dibenzofuran - .- -- 370U 12000UJ R R 14000U 400U 
Diethyl phthalate 10000000 10000000 50000 370U 12000UJ R R 14000U 40OU 
Dimethyl phthelete I 10000000 10000000 50000 370U 12000UJ R R 14000U 40OU 
Fluorenthene 2300000 10000000 100000 210J 12000UJ R R 14000U 380J 
Fluorene 2300000 10000000 100000 370UJ 12000UJ R R 14000U 40OU 
Hexachlorobenzene 660 2000 100000 370U R 14000U 400U 12000UJ R 
Hexechlorobutadiene lo00 21 000 100000 370U 12000UJ R R 140WU 400U 
Hexechlorocyclopentadiene 400000 7300000 100000 370U 12000UJ R R 14000U 400U 
Hexechloroethene 6000 100000 100000 370U 12000UJ ' R R 14000u 400U 
Indeno(l,2,3-cd)pyrane 900 4000 500000 270J 12000UJ R R 14000UJ 140J 
lsophorone 1100000 10000000 50000 370U 12000UJ R R 140WU 400U 
N-Nitroso-di-n-propylamine 660 660 10000 370U 12000UJ R R 14000U 400U 
N-Nitrosodiphenylemine 140000 600000 100000 360J 12000UJ R R 14000U 400U 

Naphthalene 230000 4200000 100000 84J 12000UJ R R 14000U 77J 
Nitrobenzene 28000 5 20000 10000 370U 12000UJ R R 14000U 40OU 
Pentachlorophenol 6000 24000 100000 910U 9200J R R 35WOUJ 980UJ 
Phenanthrene -- -- -- 1 8OJ 12000UJ R R 14000U 190J 

Phenol 10000000 10000000 50000 370U 12000UJ R R 140oou 400U 

Pyrene 1700000 10000000 100000 550 12000UJ R R 4200J 650J 
bis(2-Chloroethoxy)methane .- -- -- 370U 12000UJ R R 1400OU 400U 
bis(2-Ch1oroethyl)ether 660 3000 10000 370U 12000UJ R R 140oou 400U 
bis(2-Ethylhexyl)phthalete 49000 2 1 0000 100000 51 OJ 12000UJ R R 140WU 250J 

Total Semivoletile ~ o m ~ o u n d s  6644 10800 0 0 7700 4256 

See last page for footnotes. 

GERAGHTY &3 MILLER, INC. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: GTFSB3 GTFSB4 GTFSB5 GTFSB6 GTFSB7 GTFSB7 
Depth: 02  02 02  02  02 08 

Impact to Zone*.: GTF GTF GTF GTF GTF GTF 
Analyte (ug/kg) Residential Non-Residential Groundwater Date: 1 111 6194 1011 3194 1011 3194 1011 1194 1011 3194 1011 3194 

1,2,4Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4Dichlorobenzene 
2,2'-oxybis(1 -Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,QDichlorophenol 
2,QDimethylphenol 
2,QDinitrophenol 
2,QDinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3.3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
QBromophenyl phenyl ether 
4Chloro-3-methylphenol 
QChloroaniline 
QChlorophenyl phenyl ether 
Q~ethylphenol 
QNitroaniline 
4 -~ i t ro~heno l  
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 

1 1 oou 
1 1 OOU 
1 1 OOU 
1 1 OOU 
1 1 OOU 
2600U 
1 lOOU 
1 lOOU 
1 lOOU 
2600UJ 
1 lOOU 
1 lOOU 
1 lOOU 
1 lOOU 
1 1 OOU 
1 lOOU 
2600U 
1 1 oou  
1 lOOU 
2600U 
2600U 
1 1 OOU 
1 lOOU 
1 lOOU 
1 lOOU 
1 lOOU 
2600U 
2600U 
1 lOOU 
1 1 OOU 
1 lOOU 
1 lOOU 
220J 

4500U 
4500U 
4500U 
4500U 
4500UJ 
11000U 
4500U 
4500U 
4500u 
1 1 000UJ 
4500u 
4500U 
4500U 
4500U 
4500U 
4500U 
1 1 OOOU 
4500U 
4500UJ 
1 1 OOOU 
1 lO0OU 
4500U 
4500U 
4500U 
4500U 
4500U 
1 1 OOOU 
1 1 OOOUJ 
4500U 
4500U 
1300J 
840J 
4500UJ 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria SampleID:GTFSB3 GTFSB4 GTFSB5 GTFSB6 GTFSB7 GTFSB7 
Depth: 02 02 02 02  02  08 

Impact to Zone": GTF GTF GTF GTF GTF GTF 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1 111 6194 1011 3194 1011 3/94 1011 1194 1011 3194 1011 3194 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
C hrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(8,h)anthracene 
Dibenzofuren 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno( l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylemine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenenthrene 
Phenol 
Pyrene 
bis(2-Ch1oroethoxy)methane 
bis(2-ChloroethyOether 
bis(2-Ethylhaxyl)phthalate 

810J 
1 1 OOUJ 
800J 
1 1 OOUJ 
1 1 OOU 
450J 
1100U 
1 1 OOUJ 
1 1 OOUJ 
11WU 
1 1 OOU 
1100U 
670J 
1 1 OOU 
1 1 OOU 
1 1 OOU 
1 1 oou 
1 1 OOU 
1 1 OOUJ 
1100U 
1 1 OOU 
110ou 
1 1 OOU 
1100U 
2600UJ 
250J 
1 1 OOU 
790J 
1 l0OU 
1100U 
2300J 

1900UJ 
1900UJ 
1900UJ 
1900U 
1900U 
1900U 
1900U 
1900UJ 
1900UJ 
1900U 
l900U 
1900U 
280J 
1900U 
1900U 
1900U 
1900U 
1900U 
1900UJ 
1900U 
1900U 
1900U 
1900U 
1900U 
4600UJ 
1900U 
1900U 
1 OOJ 
1 900U 
1900U 
720J 

4500UJ 
4500UJ 
4500UJ 
4500UJ 
4500U 
2700J 
4500U 
4500UJ 
4500UJ 
4500U 
4500U 
4500U 
900J 
4500U 
4500U 
4500U 
4500U 
4500U 
4500UJ 
4500U 
4500U 
4500U 
4500U 
4500U 
1 1 OOOUJ 
41 OOJ 
4500U 
3500J 
4500U 
4500U 
4500UJ 

Total Semivolatile Compounds 6290 3397 361 3246 1300 13340 

See last page for footnotes. 

GERAGHTY 6J MILLER, INC. 
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Teble 5-3. Semivolatile Orgenic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigetion, Bayonne Plant, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criterie Sample ID: GTFSB8 GTFSB8 GTFSBS GTFSBS LAIRMB1 LOSB1 
Depth: 04 08 02 08 02 04 

Impact to Zone*.: GTF GTF GTF GTF LO LO 
Analyte (ugkg) Residential Non-Residentiel Groundwater Dete: 1011 3194 1011 3194 1011 3194 1 111 6194 10124194 10125194 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1.3-Diohlorobenzene 
1 ,4-Dichlorobenzene 
2,2'-oxybis(1 -Chloropropene) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4Dichlorophenol 
2.4-Dimethylphenol 
2,4Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnephthelene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3.3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroeniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
&Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthrecene 
Benzo(a)anthracene 
Benzo(e)pyrene 

3800U 
3800U 
3800U 
3800U 

d 3800U 
9 1 OOU 
3800U 
3800U 
3800U 
9 1 OOU 
3800U 
3800U 
3800U 
3800U 
400J 
3800U 
9 1 OOU 
3800U 
3800U 
9 1 OOU 
9100U 
3800U 
3800U 
3800U 
3800U 
3800U 
9 1 OOU 
9100U 
3800U 
3800U 
3800U 
3800U 
3800U 

12000UJ 
12000UJ 
12000UJ 
1 2000UJ 
1 2000UJ 
29000UJ 
12000UJ 
1 2000UJ 
12000UJ 
29000UJ 
1 2000UJ 
1 2000UJ 
1 2000UJ 
12000UJ 
1 1 OOOOJ 
1 2000UJ 
29000UJ 
12000UJ 
12000UJ 
29000UJ 
29000UJ 
12000UJ 
12000UJ 
12000UJ 
12000UJ 
12000UJ 
29000UJ 
29000UJ 
1 1 OOOJ 
1 2000UJ 
12000UJ 
1 5OOJ. 
1 2000UJ 

1 lOOOUJ 
1 1 OOOUJ 
1 1 000UJ 
1 lOOOUJ 
1 1 OOOUJ 
28000UJ 
1 1 00OUJ 
1 1 OOOUJ 
1 1 OOOUJ 
28000UJ 
1 1000UJ 
1 1 000UJ 
11 OOOUJ 
11000UJ 
56WOJ 
11000UJ 
28000UJ 
1 1 WOUJ 
1 lOOOUJ 
28WOUJ 
28000UJ 
1 1 000UJ 
1 1 WOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
28000UJ 
28000UJ 
4500J 
1 1 OOOUJ 
1 lOOOUJ 
1800J 
1 1 OOOUJ 

See lest page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: GTFSB8 GTFSB8 GTFSBS GTFSBS LAlRMBl LOSBl 
Depth: 0 4  0 8  0 2  08 0 2  0 4  

Impact to Zone": GTF G TF G TF GTF LO LO 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 3194 1011 3194 1011 3194 11 11 6194 10124194 10125194 

Benzo(b)fluorenthene 
Benzo(g, h,l)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Cerbazole 
C hrysene 
Di-n-butyl phthelate 
Di-n-octyl phthalate 
Dibenzo(a,h)enthracene 
Dibenzofuren 
Diethyl phthelate 
Dimethyl phthelete 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexechlorocyclopentediene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nltrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentechlorophenol 
Phenenthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyllphthalate 

3800U 
3800U 
3800U 
3800U 
3800U 
1200J 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 
9 1 OOU 
3800U 
3800U 
3800U 
3800U 
3800U 
3800U 

2700J 
11 000UJ 
2800J 
1 1 OOOUJ 
1 1 OOOUJ 
4800J 
11000UJ 
11000UJ 
1 1 OOOUJ 
1 1 OOOUJ 
11000UJ 
11000UJ 
21 00J 
5800J 
11000UJ 
11000UJ 
11000UJ 
11000UJ 
11000UJ 
11 000UJ 
1 1 OOOUJ 
11 000UJ 
13000J 
1 1 OOOUJ 
28000UJ 
9600J 
1 1 OOOUJ 
5700J 
1 1 OOOUJ 
1 1 OOOUJ 
2300J 

Total Semivolatile Compounds 1600 237600 3 1  67 111100 17540 72200 

See last page for footnotes. 

GERAGHTY & MILLER, INC. 



Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: LOSB1 LOSB2 LOSB2 LOSB3 LOSB4 LOSE4 LOSB8 
Depth: 08 ' 04 08 02 02 06 02 - - 

Impact to Zone": LO LO LO LO LO LO SS 
Analyte (ugikg) Residential Non-Residential Groundwater Date: 10125194 1 111 6/94 1011 4/94 10124194 10124194 10124194 10124194 

1,2,4Trichlorobenzena 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1.4-Dichlorobenzene 
2,2'-oxybis(1 -Chloropropane) 
2,4,5-Trichlorop henol 
2.4.6-Trichlorophenol 
2,QDichlorophenol 
2,QDimethylphanol 
2,QDinitrophenol 
2,QDinitrotoluene 
2,6-Dim'trotoluene 
2-Chloronaphthalane 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro;2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
QChlorophenyl phanyl ether 
QMethylphenol 
QNitroaniline 
QNitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene , 

Benzo(a)pyrene 

100000 
50000 
100000 
100000 
10000 
50000 
10000 
10000 
1 WOO 
10000 
10000 
10000 
-. 

10000 
.. 
-- 
.- 
-- 

100000 
-- 
-. 
-- 

100000 
-- 
-- 
-- 
-- 
-- 

100000 
.- 

100000 
500000 
100000 

29000UJ 
29WOUJ 
29000UJ 
29000UJ 
29000UJ 
71000UJ 
290WUJ 
29000UJ 
29000UJ 
71000UJ 
29000UJ 
29000UJ 
29000UJ 
29000UJ 
120WOJ 
29000UJ 
71000UJ 
29000UJ 
29000UJ 
71000UJ 
7 1 OOOUJ 
29000UJ 
29000UJ 
29000UJ 
29000UJ 
29000UJ 
71000UJ 
71000UJ 
29000UJ 
29000UJ 
290OOUJ 
29000UJ 
3300J - 

1 1 OOOU 
1 1 OOOU 
110wu  
11wou  
110wu  
27000U 
11000U 
11000U 
11000U 
27000UJ 
11oooU 
11oooU 
110wu  
1 1 OOOU 
1 1 OOOU 
110wu  
27WOU 
11000U 
1 1 ooou 
270WU 
2700W 
1 1 OOOU 
11 ooou 
1 1 WOUJ 
1 1 000U 
1 1 OOOU 
27000U 
27WOUJ 
1 1 OOOU 
1 1 OOOU 
1 1 ooou 
1 1 OOOU 
1 1 OOOU 

58w0u 
58w0u 
580WU 
58w0u 
58000U 
1 5 w w u  
58w0u 
58w0u 
58w0u 
15WOOUJ 
58w0u 
58w0u 
58000U 58000U 

58w0u 
58w0u 
15WOOU 
58w0u 
58w0u 
150000U 
15WOOU 
58 OOOU 
58000U 
58WOUJ 
58w0u 
58w0u 
1 5WOOU 
15WOOUJ 
58000U 
58000U 
58000U 
58000U 
58000U 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds i n  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey, 

NJDEP Soil Cleanup Criteria 

Impact to 
Analyte (ugkg) Residential Non-Residential Groundwater 

Sample ID: LOSB1 LOSB2 LOSB2 LOSB3 LOSB4 LOSB4 LOSB8 
Depth: 0 8  0 4  08 0 2  0 2  0 6  0 2  

zone*.: LO LO LO LO LO LO LO 
Date: 10125194 1 1 11 6194 1011 4194 10124194 10124194 10124194 10124194 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthelete 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthelete 
Dibenzo(a,h)anthracsne 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutediene 
Hexachlorocyclopentadisne 
Hexachloroethane 
Indeno(l,2,3-cd)pyrsns 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthalate 

Total Semivolatile Compounds 

1400OJ - 
1 0000J 
1 400OJ 
1 900UJ 
1900UJ 
23000J 
1900UJ 
1 900UJ 
1 OOOOJ 
1900U 
1900U 
1900U 
1900J 
940J 
1900UJ 
1900U 
1900U 
1900U 
7600J - 
1900U 
1 900U 
1900UJ 
2100 
1900U 
4500UJ 
6200J 
1900U 
9000J 
1900U 
1900U 
1900UJ 

1 1 OOOU 
11000U 
11000U 
11000U 
1 1 OOOU 
11000U 
1 lO00U 
11000UJ 
11000U 
11000U 
11000U 
11000U 
11000U 
1 1000U 
11000U 
11000U 
11000U 
11000U 
11000U 
1 1000U 
1 1000U 
1 1 WOUJ 
1 1 OOOU 
11000U 
27000U 
11000U 
1 1 OOOU 
1 1 OOOU 
1 1 ooou 
1 1000U 
11000U 

See lest page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria SampleID:LOSB8 LOSB9 LOSB9 LOSB10 LOSB10 LOSBl l  LOSBl2 
Depth: 08 0 2  0 6  0 4  08  0 2  0 2  

Impact to Zone*": LO LO LO LO LO LO LO 
Analyte (ug~kg) Residential Non-Residential Groundwater Date: 10124194 10125194 10125194 10128194 10128194 10125194 10125194 

1,2.4-Trichlorobenzene 
1 ,2-Dichlorobenzene 
l,3-Dichlorobenzene 
l,4-Dichlorobenzene 
2,2'-oxybis(1 -C hloropropane) 
2,4,5-Trichlorophenol 
2.4.6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2.4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
CChlorophenyl phenyl ether 
4-Methylphenol 

Acenaphthene 
Acenaphthylene 
Anthrecene 
Benzo(e1anthracene 

1 1 OOOU 
1 1 OOOU 
11000U 
1 1 OOOU 
11WOU 
28WOU 
11oooU 
11oooU 
1 1 OOOU 
28WOUJ 
1 1 OOOU 
1 1 ooou 
11oooU 
11WOU 
5200J 
11oooU 
28000U 
11oooU 
11OOOUJ 
28000U 
28000UJ 
11000U 
11WOU 
1 1 000U 
11000U 
1 1000U 
28000U 
28000U 
1 1 OOOU 
1 1 OOOU 
11000U 
11 OOJ 
1 1 OOOU 

21 OOOU 
21 OOOU 
21000U 
21oooU 
21000U 
53000U 
21oooU 
2 1 0 w u  
21000U 
53000UJ 
21000U 
21 OOOU 
21 ooou 
21 OOOU 
4000J 
21 ooou 
53oooU 
21 ooou 
21000UJ 
53000U 
53000UJ 
21 ooou 
21 ooou 
2 1 w o u  
21 OOOU 
2 1 w o u  
53000U 
53000U 
21 OOOU 
21 OOOU 
2 1 OOOU 
2500J 
2300J - 

See lest page for footnotes. 
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Table 5-3. semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: LOSB8 LOSB9 LOSB9 LOSBlO LOSB10 LOSB11 LOSB12 
Depth: 0 8  0 2  0 6  0 4  0 8  0 2  0 2  

Impact to Zone**: LO LO LO LO LO LO LO 
Anelyte (ugkg) Residential Non-Residential Groundwater Date: 10124194 10125194 10125194 10128194 10128194 10125194 10125194 

Benzo(b)fluoranthene 
Benzo(g, h,i)peryene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrsne 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthalete 

1400J 
1500J 
1400J 
1 1 ooou 
1 1 ooou 
2000J 
1 1 ooou 
1 1 OOOUJ 
1 1 OOOUJ 
11000U 
1 1 ooou 
1 1 OOOU 
1 lOOOU 
1 1 ooou 
1 lO00U 
11000U 
1 1000U 
1 1 WOU 
l lO00UJ 
1 1 OOOU 
11000U 
1 1 ooou 
1 1 ooou 
1 1 ooou 
28000U 
l6OOJ 
1 1 ooou 
1800J 
1 1 OOOU 
1 1 OOOU 
1 1 000U 

2200J 
2500J 
2300J 
21000U 
21000U 
5800J 
21OWU 
21OOOUJ 
21OOOUJ 
2 1 OOOU 
21 OOOU 
21OOOU 
21OOOU 
21000U 
21000U 
21 OOOU 
21 000U 
21000U 
21000UJ 
21 OOOU 
21000U 
21000U 
21000U 
21 OOOU 
53000U 
l2000J  
2 1 OOOU 
4300J 
21000U 
21 OOOU 
21 000U 

Total Semivolatile Compounds 18670 11700 13900 16000 37900 4230 8850 

- - - 

See last page for footnotes. 
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Table 5-3. Semivoletile Orgenic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne. New Jersey. 

NJDEP Soil Cleenup Criteria Semple ID: LOSE1 2 LOSE1 3 LOSE1 3FR LOSBl 3 LOSB14 LOSB15 LOSBl6 
Depth: 06 02. 02 08 02 02 04 

Impact to Zone*.: LO LO LO LO LO LO LO 
Analyte (ug/kg) Residentiel Non-Residentiel Groundwater Date: 10125194 10131 194 10131 194 10131 194 10125194 10124194 10125194 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1.3-Dichlorobenzene 
1,4Dichlorobenzene 
2,2'-oxybis(1 -Chloropropene) 
2.4,s-Trichlorophenol 
2,4,6-Tnchlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dlnitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronephthelene 
2-Chlorophenol 
2-Methylnephthelene 
2-Methylphenol 
2-Nitroeniline 
2-Nitrophenol 
3.3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroeniline 
4-Chlorophenyl phenyl ether 
+Methylphenol 
+Nitroaniline 
4-Nitrophenol 
Acenephthene 
Acenaphthylene 
Anthracene 
Benzo(a)enthracene . 

Benzo(a1pyrene 

13000U 1 1 OOOU 
13000U 11000U 
13000U 1 lOOOU 
13000U 1 lOOOU 

4 13000U 1 1 OOOU 
32000U 29000U 
13000U 1100OU 
13000U 1 1 OOOU 
13000U 11000U 
32000UJ 29000U 
13000U 1 l00OU 
13000U 1 1000U 
13000U 1 1 OOOU 
13000U 1 1 OOOU 
13000U 1400J 
13000U 1 1 OOOU 
32000U 29000U 
13000U 1 1 OOOU 
13000U 1 1 OOOUJ 
32000U 29000U 
32000U 29000U 
13000U 1 1 OOOU 
13000U 1 1 OOOU 
13000UJ 1 1 OOOUJ 
13000U 1 1 OOOU 
13000U 1100OU 
32000U 29000U 
32000U 29WOU 
13000U 1 1 OOOU 
13000U 1 1 OOOU 
13000U ' 1 1 OOOU 
13000U 1 1 OOOU 
2lOOJ llOOOU 

1 1 OOOU 
11000U 
1 1 ooou 
1 1 OOOU 
1 1 OOOU 
28000U 
1 1 ooou 
1 1 OOOU 
1 1 OOOU 
28000UJ 
1 1 ooou 
1 10oou 
1 1 OOOU 
1 1 ooou 
1200J 
1 1000U 
28000U 
1 1000U 
1 1 OOOUJ 
28000U 
28000UJ 
1 1 ooou 
1 1 ooou 
1 1 OOOUJ 
1 1000U 
1 1 OOOU 
28000U 
28000UJ 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1 OOOU 
1 1 ooou 

1 1 OOOU 
1 1 OOOU 
1 1 ooou 
11000U 
11000U 
28000U 
11000U 
11000U 
11000U 
28000UJ 
1 1 OOOU 
1 1 OOOU 
1 1 000U 
11000U 
3000J 
1100ou 
28000U 
1 1 OOOU 
1 1 OOOUJ 
28000U 
28000UJ 
11 ooou 
1 1 OOOU 
1 1 OOOU 
1 1 OOOU 
1 1 OOOU 
28000U 
28000U 
1 1 OOOU 
1 1 OOOU 
1 1 ooou 
1 1 OOOU 
1 1 OOOU 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: LOSE1 2 LOSE1 3 LOSE1 3FR LOSB13 LOSE1 4 LOSE1 5 LOSE1 6 
Depth: 06 02 02  08 02 02  04  

Impact to Zone*.: LO LO LO LO LO LO LO 
Analyte (ughg) Residential Non-Residential Groundwater Date: 10125194 1013 1194 1013 1194 1013 1194 10125194 10124194 10125194 

Benzo(b)fluoranthene 
Benzo(g, h,i)pen/lene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
Chrysens 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalats 
Fluoranthene 
fluorene 
Hexechlorobenzene 
Hsxachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthalate . 

Total Semivolatile Compounds 

-- 
5 WOO 
50000 
100000 
100000 
100000 
100000 
100000 
100000 
500000 
50000 
10000 

100000 
100000 
1 0000 

100000 

21 OOJ 
2500J 
2300J 
13000U 
13000U 
3300J 
13000U 
13000U 
1600J - 
13000U 
13000U 
13000U 
13000U 
13000U 
13000U 
13000U 
13000U 
13000U 
1400J 
13000U 
13000U 
13000UJ 
13000U 
13000U 
32000U 
13000U 
13000U 
1400J 
13000U 
13000U 
13000U 

1300J 
1 1 ooou 
1500J 
1 1 ooou 
1 1 ooou 
1 90OJ 
1 lOOOU 
1 1 OOOU 
1 1 OOOU 
1 1 ooou 
1 1 OOOU 
1 1000U 
1 1 ooou 
1 1 OOOU 
1 1 ooou 
i i ooou 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1000.u 
1 1 OOOU 
1 1 OOOUJ 
1 1000U 
1 1 ooou 
29000U 
1 1 OOOU 
1 1 OOOU 
1600J 
1 1000U 
1 1 OOOU 
1 1 ooou 

1 1000U 
11000UJ 
11000U 
11000U 
1 1 ooou 
1600J 
1 1 ooou 
1 1 OOOUJ 
1 1 OOOUJ 
11000U 
1 1 OOOU 
1 1 OOOU 
1 1 OOOU 
1 lOOOU 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1 OOOUJ 
1 1 ooou 
1 1 OOOU 
1 1 OOOUJ 
1 1 OOOU 
1 lOOOU 
28000U 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1 ooou 
3500J 

1 1 ooou 
1 1 WOUJ 
1 1 000U 
1 1 ooou 
11000U 
2000J 
1 1 OOOU' 
1 1 OOOUJ 
11000UJ 
1 lOOOU 
1 1 ooou 
1 1 ooou 
1 1 ooou 
1 1 ooou 
11000U 
1 1 ooou 
1 1 OOOU 
1 1 ooou 
1 lO00UJ 
1 1 OOOU 
1 1000U 
11 000U 
11000U 
1 1 ooou 
28000U 
2400J 
1 1 ooou 
1700J 
1 1 ooou 
1 1 OOOU 
9300J 

See last page for footnotes. 

GERAGHTY & MILLER, INC. 



Page 25 of 43 

Table 5-3. Semivoletile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation. Beyonne Plent, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria Semple ID: LOSB17 LOSB18 LOSB18 LOSB18FR MBSB1 MBSB2 MBSB3 
Depth: 02 02  08 08 0 2 02  06 

Impact to Zone": LO LO LO LO MB MB MB 
Analyte (uglkg) Residential Non-Residential Groundwater Date: 10124194 10124194 10124194 10124194 10125194 10121 194 10125194 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4Dichlorobenzene 
2,2'-oxybis(1 -Chloropropene) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2.4-Dichlorophenol 
2,4Dimethylphenol 
2,4-Dinitrop henol 
2.4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronap hthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4Bromophanyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroeniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(e)anthracene . 

Benzo(e)pyrene 

61000U 65WOU 
61000U 65000U 
61000U 65000U 
61000U 65000U 
61000U 65000U 
150000U 1600WU 
61000U 65000U 
61000U 65000U 
61 OOOU 65000U 
150000UJ 16OOOOUJ 
6 1 OOOU 65000U 
61 OOOU 65000U 
61 OOOU 65000U 
61000U 65000U 
61000U 65000U 
61000U 65000U 
150000U 16OOWU 
610WU 65000U 
61000U 65000U 
150000U 160000U 
150000U 1 60000U 
6 1 OOOU 65000U 
61 OOOU 65000U 
61000UJ 65000UJ 
61000U 65000U 
ql OOOU 65000U 
150000U 160000U 
150000UJ 1 60000UJ 
61000U 65000U 
61000U 65000U 
61000U 65000U 
6 1 OOOU 65000U 
61000U 65000U 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds i n  Soil Samples Collected During the Phase 1 A Remedial Investigetion, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: LOSB17 LOSB18 LOSB18 LOSB18FR MBSBl MBSB2 MBSB3 
Depth: 0 2  0 2  0 8  0 8  0 2  0 2  0 6  

Impact to Zone**: LO LO LO LO MB MB MB 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10124194 10124194 10124194 10124194 10125194 10121 I94  10125194 

Benzo(b)fluoranthene 
Benzo(g, h,i)pen/lene 
Benzo(k)fluorenthens 
Butyl benzyl phthelete 
Carbazols 
C hrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a,h)anthrecene 
Dibenzofuren 
Diethyl phthelate 
Dimethyl phthalete 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutediene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylemine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyl)phthelete 

1200J lOOOJ 
1500J 1300 
1200J 1200J 
390U 380U 
390U 380U 
930 1800 
390U 380U 
390UJ 380U 
1 lOOJ 570 - 
390U 380U 
390U 380U 
390U 380U 
170J 160J 
390U 380U 
390U 380U 
390U 380U 
390U 380U 
390U 380U 
800J 530 
390U 380U 
390U 380U 
390UJ 380UJ 
5OJ 72J 
390U 380U 
75J R 
170J 220J 
390U 380U 
390 550 
390U 380U 
390U 380U 
670 740 

6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
61WOU 
6 1 OOOU 
61 OOOU 
61 OOOUJ 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1000U 
6 1 OOOU 
6 1 OOOU 
61 OOOU 
6 1 OOOU 
6 1 OOOUJ 
6 1 OOOU 
6 1 OOOU 
150000U 
6 1 OOOU 
6 1 OOOU 
6 1 OOOU 
6 1000U 
61 OOOU 
61000U 

650J 
350J 
600J 
19WUJ 
1 9 w u  
1 lOOJ 
19WUJ 
19WUJ 
220J 
1900U 
1 9 W U  
1 9 w u  
480J 
1 9 W U  
1 9 W U  
1 9 w u  
19WUJ 
1 9 W U  
230J 
1900U 
1900U 
1 9 w u  
1 9 w u  
1 9 w u  
R 
1500J 
1900U 
1700J 
1900U 
1900U 
1900UJ 

Total Semivolatile Compounds 10604 11065 0 0 8320 3990 3200 

See last page for footnotes. 
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Table 5-3. ~emivoletile Orgenic Compounds in Soil Semples Collected During the Phese 1 A Remediel Investigetion. Beyonne Plent, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: MBSB3 MBSB3FR MDCBSB2 N2TFSB2 N2TFSB4 N2TFSB4 
Depth: 10 10 03 02  02  06  

Impact to Zone*.: MB MB MDC N2TF N2TF N2TF 
Analyte (ugkg) Residential Non-Residentiel Groundwater Date: 10125194 10125194 1011 1194 1011 9194 10128194 10128194 

1,2,4Trlchlorobenzene 68000 1 200000 100000 43000U 69000U 360U 41 OU 66000U 12000U 
l,2-Dichlorobenzene 5 100000 10000000 50000 43000U 69000U 360U 41 OU 66000U 12000U 
1.3-Dichlorobanzene 5100000 10000000 100000 43000U 69000U 360U 410U 66000U l2000U 
1,QDichlorobenzene 570000 10000000 100000 43000U 69000U 360U 410U 66000U 12000U 
2,2'-oxybisll -Chloropropane) 2300000 10000000 10000 43000U 69000U 360UJ 41 OU 66000U 12000U 
2.4,s-Trichlorophenol 5600000 10000000 50000 1 lOO00U 170000U 870U 980U leOOOOU 31000U 
2,4,6-Trichlorophenol 62000 270000 1 0000 43000U 69000U 360U 410U 66000U 12000U 
2,QDichlorophenol 170000 3 100000 1 0000 43000U 69000U 360U 41 OU 66000U 12000U 
2,QDimethylphanol 1100000 10000000 1 0000 43000U 69000U 360U 410U 66000U l2000U 
2,QDinitrophenol 1 10000 2 1 00000 1 0000 110000UJ 170000UJ 870UJ 980U l6000OU 31000UJ 
2,QDinitrotoluene 1000 4000 1 0000 43000U 69000U 360U 410U 66000U l2000U 
2.6-Dinitrotoluene 1000 4000 10000 43000U 69000U 360U 410U 66000U 12000U 
2-Chloronaphthalene -- .- -- 43000U 69000U 360U 410U 66000U 12000U 
2-Chlorophenol 280000 5200000 1 0000 43000U 69000U 360U 41 OU 6sOOOU 12000U 
2-Methylnaphthalene - -- -- 27000J 27000J 360U 510 31000J 110000 
2-Methylphenol 2800000 10000000 -- 43000U 69000U 360U 410U 66000U 12000U 
2-Nitroaniline -- -. -- 1 1 OOOOU 170000U 870U 980U l6000OU 31000U 
2-Nitrophenol -- -- -- 43000U 69000U 360U 410UJ 66000U l2000U 
3,3'-Dichlorobenzidine 2000 6000 100000 43000U 69000U 360UJ 410UJ 66000U 12000UJ 
3-Nitroaniline -- -- -- 1 1 OOOOU 170000U 870U 980UJ 160000U 31000U 
4.6-Dinitro-2-methylphenol -- -- -- 110000U 170000U 870U 980UJ 1 6OOOOU 3 1 WOUJ 
QBromophenyl phenyl ether -. -- -- 43000U 69000U 360U 410U 66000U 12000U 
QChloro-3-methylphenol 10000000 10000000 100000 43000U 69000U 360U 410U 66000U 12000U 
QChloroaniline 230000 4200000 -- 43000UJ 69000UJ 360U 410UJ 66000UJ 12000U 
QChlorophenyl phenyl ether -- -- -- 43000U 69000U 360U 41 OU 66000U 12000U 
QMathylphenol 2800000 10000000 -- 43000U 69000U 360U 410U 66000U 1 2000U 
QNitroaniline -- -- -- llOOOOU 170000U 870U 980U 1 60000U 3 1 000U 
4-Nitrophenol -- -- -- 1 1 OOOOU 170000U 870UJ 980U 1 6OOOOU 3 1 OOOU 
Acenaphthene 3400000 10000000 100000 43000U 69000U 360U 410U 66000U 12000U 
Acenaphthylene -- -- -- 410U 66000U 12000U 43000U 69000U 360U 
Anthracena 10000000 10000000 100000 43000U 69000U 360U 410U 66000U 12000U 
Benzo(a)anthracene 900 4000 500000 43000U 69000U 200J 1 OOJ 66000U 12000U 
Benzo(a)pyrene 660 660 100000 43000U 69000U 270J 45J 66000U 12000U 

Sae last page for footnotes. 
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Table 1 3 .  ~ernivolatile Organic Compounds in Soil Samples Collected During the Phese 1A Remedial Investigetion, Beyonne Plent, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Semple ID: MBSB3 MBSB3FR MDCBSB2 N2TFSB2 N2TFSB4 N2TFSB4 
Depth: 10 10 03 02 02 06 

Impact to Zone*.: MB MB MDC N2TF N2TF N2TF 
Analyte (ugkg) Residential Non-Residential Groundwater Dete: 10125194 10125194 1011 1 I94 1011 9194 10128194 10128194 

Benzo(b)fluoranthene 900 4000 50000 43000U 69000U 510J 170J 660WU 12000U 
Benzo(g, h,i)perylene - -- .. 43000U 69000U R 410U 66000U 120WUJ 
Benzo(k)fluoranthene 900 4000 500000 43000U 69000U 490J 190J 66000U l2000U 
Butyl benzyl phthalete 1 100000 10000000 100000 43000U 69000U 360UJ 41 OU 66000U l2000U 
Carbazole - .- .- 43000U 69000U 36OU 410U 66000U l2000U 
Chrysene 9000 40000 500000 4900J 69000U 230J 290J 66000U 2300J 
Di-n-butyl phthalate 5700000 10000000 100000 43000U 69000U 360U 410U 68000U 12000U 
Di-n-octyl phthalate 1 100000 10000000 100000 43000UJ 69000UJ 47J 41 OU 66000U 12000UJ 
Dibenzo(a, hlanthracene 660 660 100000 43000U 69000U R 53J 66000U l2000UJ 
Dibenzofuran .- -- .- 43000U 69000U 360U 410U 66000U 3100J 
Diethyl phthalate 10000000 10000000 50000 43000U 69000U 360U 41 OU 66000U 1 2000U 
Dimethyl phthalete 1 0000000 10000000 50000 43000U 69000U 360U 410U 66000U l2000U 
Fluoranthene 2300000 10000000 100000 43000U 69000U . 150J 621 66000U l2000U 
Fluorene 2300000 10000000 100000 43000U 69000U 360U 410UJ 6700J 12000U 
Hexachlorobenzene 660 2000 100000 43000U 69000U 360U 41 OU 66000U l2000U 
Hexachlorobutadiene 1000 21000 100000 43000U 69000U 360U 410U 66000U 12000U 
Haxachlorocyclopentadiene 400000 7300000 100000 43000U 69000U 360U 41 OU 66000U 12000U 
Hexachloroethane 6000 100000 100000 43000U 69000U 360U 410U 66000U l2000U ' 

Indeno(l.2.3-cd)pyrene 900 4000 500000 43000U 69000U R 410U 66000U l2000UJ 
lsophorone 1 1 00000 10000000 50000 43000U 69000U 360U 41 OU 66000U l2000U 
N-Nitroso-di-n-propylemine 660 660 10000 410U 66000U l2WOU 43000U 69000U 360U 
N-Nitrosodiphenylamine 140000 600000 100000 43000UJ 69000UJ 360U 41 OUJ 66000UJ 1200OU 
Nephthelene 230000 4200000 100000 410U 7300J 39000 43000U 69000U 64J 
Nitrobehzene 28000 520000 10000 43000U 69000U 360U 410U 66000U 12000U 
Pentachlorophenol 6000 24000 100000 1 1 OOOOU 170000U 870UJ 980U 1 60000U 3 1 OOOU 

Phenanthrene -- -- -- 23000J 38000J 150J l00J  9300J 19000 

Phenol 10000000 10000000 50000 43000U 69000U 360U 41 OU 66000U l2000U 

Pyrene 1700000 10000000 100000 6400J 9800J 480J 67J 14000J 4400J 
bis(2-Chloroethoxy)methene -- -- -- 43000U 69000U 360U 41 OU 66000U 1 2000U 

bis(2-Ch1oroethyl)ether 660 3000 10000 43000U 69000U 360U 410U 66000U l2000U 

bis(2-Ethylhexyl)phthelete 49000 2 1 0000 100000 220J 66000U 2000J 43000U 69000U lOOOJ 

Total Semivolatile Compounds 61300 74800 3591 1807 68300 179800 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

1,2,4-Trichlorobenzene 
1,2-Diohlorobenzene 
1,3-Dichlorobenzene 
l,4-Dichlorobenzene 
2,2'-oxybis(1 -Chloropropane) 
2,4,5-TrichlorophenoI 
2.4.6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinltrophenol 
2,4-Dinitrotoluene 
2.6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phanyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(e)anthracene 
Benzo(a)pyrene 

NJDEP Soil Cleanup Criteria 

Impact to 
Residential Non-Residential Groundwater 

Sample ID: N2TFSB5 
Depth: 0 2  

Zone*.: N2TF 
Date: 1011 9194 

1 lOOOUJ 
1 lO00UJ 
1 lO00UJ 
1 lO00UJ 
1 lOOOUJ 
28000UJ 
1 lOOOUJ 
1 1 OOOUJ 
1 1000UJ 
28000U J 
1 lOOOUJ 
1 1 000UJ 
1 1 OOOUJ 
1 lOOOUJ 
9300J 
1 lOOOUJ 
28000UJ 
1 lOOOUJ 
1 lOOOUJ 
28000UJ 
28000UJ 
1 1 OOOUJ 
1 lOOOUJ 
1 lOOOUJ 
1 1 OOO'UJ 
1 lOOOUJ 
28000UJ 
28000UJ 
1 lOOOUJ 
1 1 OOOUJ 
1100OUJ 
1800J 
1 1 OOOUJ 

3700U 
3700U 
3700U 
3700U 
3700U 
9100U 
3700U 
3700U 
3700U 
9 1 OOU 
3700U 
3700U 
3700U 
3700U 
3700U 
3700U 
9100U 
3700U 
3700UJ 
9 1 OOU 
9100U 
3700U 
3700U 
3700U 
3700U 
3700U 
9 1 OOUJ 
91OOUJ 
3700U 
3700U 
3700U 
4605 
970J - 

9000U 
9000u 
9000U 
9000U 
9000U 
22000u 
9000U 
9000U 
9000U 
22000U 
9000U 
90OOU 
9000U 
9000U 
5500J 
9000U 
22000U 
9000U 
9000UJ 
22000U 
22000U 
9000U 
9000U 
9000U 
9000U 
9000U 
22000UJ 
22000UJ 
3 1 OOJ 
9000U 
990J 
3100J 
43005 - 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne. New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: N2TFSB5 N2TFSB5 N3TFSBl N3TFSB2 N3TFSB2 N3TFSB2FR 
Depth: 0 2  0 6  0 2  0 2  0 6  0 6  

Impact to Zone*.: N2TF N2TF N3TF AP AP AP 
Analyte (uglkg) Residential Non-Residential Groundwater Date: 10119194 10119194 1011 8194 10119194 10119194 10119l94 

Benzo(b)fluoranthene 
Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 
Butyl banzyl phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-ootyl phthalate 
Dibenzo(a, hlanthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexaohlorobutadiene 
Hexaohlorocyclopentediene 
Hexachloroethane 
Indeno(l,2,3-cd)pyrene 
laophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chioroethylbther 
bis(2-Ethylhexyl)phthelate 

1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
2100J 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOU J 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 900 J 
1 1 OOOUJ 
1 1 OOOU J 
1 1 OOOUJ 
1 lOOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 
2200J 
1 1 OOOUJ 
28000U J 
4500J 
1 1000UJ 
1500J 
1 1 OOOUJ 
1 1 OOOUJ 
1 1 OOOUJ 

600J 
970J 
600J 
3700U 
3700U 
710J 
3700U 
3700U 
360J 
3700U 
3700U 
3700U 
3700U 
3700U 
3700U 
3700U 
3700U 
3700U 
470J 
3700U 
3700U 
3700U 
3700U 
3700u 
9 1 OOU 
3700U 
3700U 
500J 
3700U 
3700U 
590J 

66000UJ 
66000UJ 
66000UJ 
66000UJ 
66000UJ 
8900J 
66000UJ 
66000UJ 
66OOOUJ 
66000UJ 
66000UJ 
66000UJ 
66000UJ 
66OOOUJ 
66000UJ 
66OOOUJ 
66000UJ 
66000UJ 
66000UJ 
66000UJ 
66OOOUJ 
66000UJ 
66000UJ 
66000UJ 
1 6OOOOUJ 
7100J 
66000UJ 
1 1 OOOJ 
66000UJ 
66000UJ 
66000UJ 

Total Semivolatile Compounds 5900 23300 13320 ' 6230 47520 42000 

See last page for footnotes. 
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 able 5-3. semivolatile orgenic Compounds in Soil Samples Collected During the Phese 1 A Remediel Investigetion, Beyonne Plant. Beyonne, New Jersey. 

NJDEP Soil Cleenup Criterie Semple ID: N3TFSB3 N3TFSB4 N3TFSB5 N3TFSB6 N3TFSB7 N3TFSB7 
Depth: 02 02 08 02 02 06 

lmpect to Zone*.: N3TF N3TF N3TF N3TF N3TF N3TF 
Analyte (ugkg) Residential Non-Residentiel Groundwater Dete: 1011 3/94 1011 7/94 10/19/94 1011 8/94 10118/94 1011 8/94 

1,2,4-Trichlorobenzene 68000 1200000 100000 390U 390U R 60000U 250000U 60000U 
1 ,2-Dichlorobenzene 5 1 OW00 10000000 50000 390U 625 7800U 60000U 250000U 60000U 
1,3-Dichlorobenzene 5 100000 1W00000 100000 390U 390U 7800U 60WOU 250000U 60000U 
1.4-Dichlorobenzene 570000 10000000 100000 390U 60J R 60000U 250000U 60000U 
2,2'-oxybis(1 -Chloropropane) 2300000 10000000 10000 390UJ 390U 7800U 80000UJ 250WOUJ 60000UJ 
2.4,5-Trichlorophenol 5600000 1WOOOOO 50000 950U 940U 19000U 150000U 620000U 15WOOU 
2,4,6-Trichlorophenol 62000 270000 10000 390U 390U 7800U 60WOU 250000U 600WU 
2.4-Dichlorophenol 170000 3 100000 1 WOO 390U 390U 78WU 60000U 250000U gOOOOU 
2,4-Dimethylphenol 1100000 10000000 10000 390U 390U 7800U 60000U 250WOU 60000U 
2.4-Dinitrophenol 1 10000 2 100000 10000 950UJ 940U 19000U 1500WU 620000U 150000U 
Z,+Dinitrotoluene 1000 4000 10000 390U 390U R 80000U 250000U 60OWU 
2,6-Dinitrotoluene 1000 4000 10000 390U 390U 7800U 60000U 250000U 60000U 
2-Chloronaphthalene -- -- -- 390U 390U 7800U 60000U 250000U 800WU 
2-Chlorophenol 280000 5200000 10000 390U 390U R 8000OU 250000U 60WOU 
2-Methylnaphthelene -- -- -- 390U 380J 55WJ 250005 310000 66000 
2-Methylphenol 2800000 1WOOOOO -. 390U 390U 78WU 60000U 250WOU 60000U 
2-Nitroeniline -- -- - 950U 940U 19000U 150000U 620000U 15WOOU 
2-Nitrophenol -- -- -- 390U 390U 7800U 6OOWU 250000U 60000U 
3,3'-Dichlorobenzidine 2000 6000 100000 390U 390U 78WUJ 60000U 250WOU 60000U 
3-Nitroeniline -- .- -- 950U 940U 19000U 1500WU 620000U 15WOOU 
4,6-Dinitro-2-methylphenol -- -- -- 950U 940U 19WOU 15WWU 620000U 1500WU 
4-Bromophenyl phenyl ethe! -- -- 390U 390U 7800U 60000U 250000U 600WU 
4-Chloro-3-methylphenol 10000000 10000000 100000 390U 390U R 6000OU 250000U 60000U 
4Chloroaniline 230000 4200000 -- 390U 390U 78WU 600WUJ 250000UJ 60000UJ 
4Chlorophenyl phenyl ether -- -- -- 390U 390U 7800U 6W00U 250000U 60000U 
4-Methylphenol 2800000 10000000 -- 390U 390U 7800U 60WOU 250000U 60000U 
4-Nitroeniline -- -- -- 950U 940U 19000UJ 150000U 620000U 1 5000OU 

4-Nitrophenol -- -- -- 950UJ 940U R 1 5OOOOU 620000U 150000U 
Acenephthene 3400000 10000000 100000 390U 40J 7800U 60000U 250000U 60000U 
Acenaphthylene -- -- -- 390U 390U 7800U 60000U 250000U 60000U 
Anthracane 10000000 10000000 100000 48J 130J 7800U 60000U 250000U 60000U 
Benzo(e)anthracena 900 4000 500000 350J 200J 1000J 60000U 250000U BOOOOU 
Benzo(a)pyrene 660 660 100000 330J 130J 7800U 60000U 250000U 60000U 

-- 

See last pege for footnotes. 
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Table 6-3. Semivoletile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: N3TFSB3 N3TFSB4 N3TFSBS N3TFSB6 N3TFSB7 N3TFSB7 
Depth: 0 2  0 2  0 8  0 2  0 2  06 

Impact to Zone* *: N3TF N3TF N3TF N3TF N3TF N3TF 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10113194 10117194 10119194 1011 8194 10118194 10118194 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbezole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a, h1,anthracene 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexechloroethane 
Indeno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylemine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenenthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyllether 
bis(2-Ethylhexyl)phthalate 

Total Semivolatile Compounds 4909 3822 10300 37000 645000 84500 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: N3TFSB8 N3TFSB8 N3TFSB9 PN1 SB2 PN1 SB2 PSSBl 
Depth: 0 2  0 6  0 2  0 4  0 8  0 2  

Impact to Zone* *: N3TF N3TF N3TF P I  P I  MB 
Analyte (ugtkg) Residential Non-Residential Groundwater Date: 1011 8/94 1011 8/94 1 1/02/94 1 1/02/94 1 1/02/94 10131 194 

1,2,QTrichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,QDichlorobenzene 
2,2'-oxybis(1 -Chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2.4-Dinitrotoluene 
2.6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalens 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dlchlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
QBromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylena 
Anthracene 
Benzo(a)anthrecane 
Benzo(a)pyrena 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Beyonne. New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: N3TFSB8 N3TFSB8 N3TFSB9 PNlSB2 PN1 SB2 PSSB1 
Depth: 0 2  0 6  0 2  0 4  0 8  0 2  

Impact to Zone* *: N3TF N3TF N3TF P 1 P 1 MB 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 8194 1011 8/94 1 1102194 1 1/02/94 1 1102194 10131 194 

Benzo(b)fluoranthane 
Benzo(g,h,i)perylene 
Benzo(k)fluorenthene 
Butyl benzyl phthaleta 
Cerbezole 
Chryeene 
Di-n-butyl phthelate 
Di-n-octyl phthelate 
Dibenzo(e, hjenthrecene 
Dibenzofuren 
Dlethyl phthelete 
Dimethyl phthelate 
Fluorenthene 
Fluorene 
Hexechlorobenzene 
Hexeohlorobutediene 
Hexachlorocyclopentadiene 
Hexeohloroethene 
Indeno( l,2,3-cd)pyrsns 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentechlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methene 
bis(2-Chloroethyl)ethar 
bis(2-Ethylhexyl)phthalate 

Total Semivolatile Compounds 27800 99800 3300 10240 53000 51700 

- -- 

See last page for footnotes. 
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Table 5-3. Semivoletile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Beyonne Plant, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria l Sample ID: PSSBl SSB1 SSB3 SSB3 STFSBl STFSB1 STFSB2 
Depth: 06 16 06 10 02 06 08 

Impact to Zonea *: MB SS SS SS STF STF STF 
Anelyte (ugkg) Residential Non-Residential Groundwater Date: 1013 1 194 10124194 10124194 10124194 10126194 10120194 10126194 

1,2,4-Trichlorobenzene 68000 1200000 100000 l2000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
1.2-Diohlorobenzene 5 100000 10000000 50000 12000U 12000UJ 5400UJ 4300UJ l2000U 67000U 26000U 
1,3-DicMorobenzene 5100000 10000000 100000 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
1,4-Dichlorobenzene 570000 10000000 100000 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
2.2'-oxybis(1 -Chloropropene) 2300000 10000000 10000 4 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
2,4.5-Tnchlorophenol 5600000 10000000 50000 29000U 29000UJ 13000UJ 11000UJ 29000U 170000U 64000U 
2,4,6-Tdchlorophenol 62000 270000 10000 12000U 12000UJ 540OUJ 4300UJ 12000U 67000U 26000U 
2,4-Dichlorophenoi 170000 3 100000 10000 12000U 12000UJ 5400UJ 4300UJ l2000U 67000U 26000U 
2.4-Dimethylphenol 1 100000 10000000 10000 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
2.4-Dinitrophenol 1 10000 21 00000 10000 29000UJ 29000UJ 13000UJ llOOOUJ 29000U 170000UJ 64000UJ 
2,4-Dinitrotoluene 1000 4000 10000 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
2,6-Oinitrotoluene 1000 4000 lo000 12000U 12000UJ 540OUJ 4300UJ 12000U 67000U 26000U 
2-Chloronephthalene -- .- -- 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
2-Chlorophenol 280000 5200000 10000 12000U 12000UJ 540OUJ 4300UJ 12000U 67000U 26000U 
2-Methylnephthelene -- -- -- 14000 1500J 5400UJ 490J 12000 180000 92000 
2-Methylphenol 2800000 10000000 -- 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
2-Nitroeniline -- -- -. 29000U 29000UJ 13000UJ 1 lOOOUJ 29000U 170000U 64000U 
2-Nitrophenol -- .. -. 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
3.3'-Dichlorobenzidine 2000 6000 100000 12000UJ 12000UJ 5400UJ 4S00UJ 12000UJ 67000UJ 26000UJ 
3-Nitroaniline -- -- -- 29000U 29000UJ 13000UJ llOOOUJ 29000U 170000U 64000U 
4,6-Dinitro-2-methylphenol .- .- -- 29000UJ 29000UJ 13000UJ 1 1 OOOUJ 29000U 170000UJ 64000UJ 
4-Bromophenyl phenyl ether -- .. a- 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
4-Chloro-3-methylphenol 10000000 10000000 100000 12000U 12000UJ 5400UJ 4300UJ l2000U 67000U 26000U 
4-Chloroeniline 230000 4200000 -- 12000U 12000UJ 5400UJ 4300UJ 12000UJ 67000U 26000U 
4-Chlorophenyl phenyl ether -- -- -- 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
4-Methylphenol 2800000 10000000 -- 12000U 12000UJ 5400UJ 4300UJ 12000U 67000U 26000U 
+Nitroaniline -- -. -- 29000U 29000UJ 13000UJ 1 1 WOUJ 29000U 170000U 64000U 

4-Nitrophenol -- -- -- 29000U 29000UJ 13000UJ 1 1000UJ 29000U 170000U 64000U 
Acenephthene 3400000 10000000 100000 12000U 12000UJ 2300J 4300UJ 1400J 67000U 6000J 
Acenephthylene -- -- -- 12000U 12000UJ 110OJ 480J 12000U 67000U 26000U 
Anthrecene 10000000 10000000 100000 12000U 1700J 16000J 440J 11000J 11000J 2700J 
Benzo(e)enthrecene 900 4000 500000 7200J 7200J 64000J 6500J 1400J 67000U 3400J 
Benzo(e)pyrene 6 60 660 100000 6100J 2200J 36000J 5900J 12000U 67000U 2600J 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criterie Sample ID: PSSBl SSBl SSB3 SS83 STFSBl STFSBl 
Depth: 0 6  16 0 6  10 0 2  0 6  

lmpect to Zone* *: MB SS SS SS STF STF 
Analyte ( u g k ~ )  Residential Non-Residential Groundwater Date: 1013 1 194 10124194 10124194 10124194 10126194 10128194 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluorenthene 
Butyl benzyl phthalate 
Carbezole 
Chryssne 
Di-n-butyi phthalate 
Di-n-octyl phthalate 
Dibenzo(a,h)anthracsne 
Dibenzofuran 
Diethyl phthalate 
Dimethyl phthalate 
Fluorenthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentediene 
Hexachloroethene 
Indeno(l,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methene 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthalate 

67000U 
67000UJ 
67000U 
67000U 
67000U 
67000U 
67000U 
67000UJ 
67000UJ 
67000U 
67000U 
67000U 
67000U 
67000U 
67000U 
67000U 
67000U 
67000U 
67000UJ 
67000U 
67000U 
67000U 
130000 
67000U 
170000U 
1 1 OOOJ 
67000U 
67000U 
67000U 
67000U 
67000U 

Total Semivolatile Compounds 74000 53600 620900 5 9 8 1 0 '  58700 332000 

STFS82 
0 8  
STF 
10126194 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remediel Investigation, Bayonne Plent, Bayonne, New Jersey. 

Page 37 of 43 

1,2,4-Trichlorobenzene 
1,2-Diohlorobenzene 
1 -3-Dichlorobrnzene 
1,CDichlorobenzene 
2,2'-oxybis(1 -Chloropropene) 
2,4,5-Triohlorophenol 
2,4,6-Triohlorophenol 
2,CDichlorophenol 
2,CDimethylphenol 
2.4-Dinitrophenol 
2.4-Dinitrotoluene 
2,6-Dinitrotofuene 
2-Chloronephthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
CBromophenyl phenyl ether 
CChloro-3-methylphenol 
CChloroaniline 
4-Chlorophenyl phenyl ether 
CMethylphenol 
CNitroaniline 
CNitrophenol 
Acenaphthene 
Acenaphthylene 
Anthraoene 
Benzo(a)anthracene . 

Benzo(a)pyrene 

NJDEP Soil Cleenup Criteria Semple ID: FBNA1-100594 FBNA5-101994 FBNA6-102094 FBNA7-102594 
Depth: 

Impact to Zone": 
Residential Non-Residential Groundwater Date: 10/05/94 1011 9/94 10/20/94 10/25/94 

68000 1200000 100000 1 OU 1 OU 1 OU 1 OU 
5100000 10000000 50000 1 OU 1 OU 1 OU 1 OU 
5100000 10000000 100000 1 OU IOU 1 OU 1 OU 
570000 10000000 100000 1 OU 1 OU 1 OU IOU 

2300000 10000000 10000 1 OU 1 OU 1 OU 1 OU 
5600000 10000000 50000 25U 25U 25U 25U 

62000 270000 10000 1 OU 1 OU 1 OU 1 OU 
170000 3 100000 10000 IOU 1 OU 1 OU 1 OU 

1100000 10000000 10000 1 OU 1 OU 1 OU IOU 
1 10000 2 1 00000 10000 25U 25U 25U 25U 

1 000 4000 10000 1 OU 1 OU 1 OU 1 OU 
1000 4000 10000 1 OU 1 OU 1 OU IOU 

-- -- -- 1 OU 1 OU 1 OU 1 OU 
280000 5200000 10000 IOU 1 OU 10U IOU 
-. -- -- IOU 1 OU 1 OU IOU 

2800000 10000000 -. 1 OU IOU 1 OU 1 OU 
-- -- -- 25U 25U 25U 25U 
-- -- -- IOU 1 OU IOU IOU 

2000 6000 1 00000 1 OU 1 OU 1 OU IOU 
-- -- - 25U 25U 25U 25U 
-- -- -- 25U 25U 25U 25U 
.- -- -. 1 OU 1 OU 1 OU 1 OU 

10000000 10000000 100000 1 OU IOU IOU 1 OU 
230000 4200000 -- 1 OU IOU 1 OU IOU 

-- -- -- 1 OU 1 OU IOU IOU 

2800000 10000000 -- 1 OU 1 OU IOU IOU 
-- -- -- 25U 25 U 25U 25U 
-- -- -- 25U 25U 25U 25U 

3400000 10000000 100000 IOU 1 OU 1 OU 1 OU 
-- -- -- 1 OU 1 OU 1 OU 1 OU 

10000000 10000000 1 00000 1 OU , IOU 1 OU 1 OU 
900 4000 500000 1 OU 1 OU 1 OU 1 OU 
660 660 1 00000 1 OU 1 OU 1 OU 1 OU 

See last page for footnotes. 
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Table 5-3. Semivoletile Organic Compounds in  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: FBNA1-100594 FBNA5-101994 FBNA6-102094 FBNA7-102594 
Depth: 

Impact to Zone*.: 
Anelyte (ugkg) Residential Non-Residential Groundwater Date: 10105194 1011 9/94 10120/94 10125194 

Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Butyl benzyl phthelete 
Cerbezole 
Chrysene 
Di-n-butyl phthelete 
Di-n-ootyl phthelete 
Dibenzo(a, h)enthraoene 
Dibenzofuren 
Diethyl phthelete 
Dimethyl phthelete 
Fluorenthene 
fluorene 
Hexechlorobenzene 
Hexechlorobutediene 
Hexechlorocyclopentediene 
Hexechloroethene 
Indeno(l,2,3-cd)pyrene 
lsophorone 
N-Nitroso-di-n-propylemine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenenthrsne 
Phenol 
Pyrsne 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethyl)ether 
bis(2-Ethylhexyl)phthelate 

Total Semivolatile Compounds 1 4 2 2 

See lest pege for footnotes. 
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 able 5-3. ~emivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: FBNAS-102694 FBNA11-102794 FBNA13-102894 FBNA14-102894 
Depth: 

Impact to Zone**: 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10126194 10127194 10128194 10128194 

1,2,4-Trichlorobenzene 68000 1200000 100000 1 OU 1 OU 1 ou 1 OU 
1.2-Dichlorobenzene 51 00000 10000000 50000 1 OU 1 OU 1 OU 1 OU 
1.3-Dichlorobenzene 5 100000 10000000 100000 1 OU 1 OU 1 OU 1 OU 
1 ,+Dichlorobenzene 570000 10000000 100000 1 OU 1 OU 1 OU 1 OU 
2.2'-oxybis( 1 -Chloropropene) 2300000 10000000 10000 1 OU 1 OU 1 OU 1 OU 
2,4,5-Trichlorophenol 5600000 10000000 50000 25U 25U 25U 25U 
2,4,6-Trichlorophenol 62000 270000 10000 1 OU 1 OU 1 OU 1 OU 
2.4-Dichlorophenol 170000 3 1 00000 10000 1 OU 1 OU 1 OU 1 OU 
2,QDimethylphenol 1100000 10000000 10000 1 OU 1 OU 1 OU 1 OU 
2,4-Dinitrophenol 1 10000 2 100000 10000 25U 25U 25U 25U 
2,4-Dinitrotoluene 1000 4000 10000 1 OU 1 OU 1 OU 1 OU 
2,6-Dinitrotoluene 1000 4000 10000 1 OU 1 OU 1 OU 1 OU 
2-Chloronaphthalene -- -. .- 1 OU 1 OU 1 OU 1 OU 
2-Chlorophenol 280000 5200000 10000 1 OU 1 OU 1 OU 1 OU 
2-Methylnaphthalene -- -- -- 1 OU 1 OU 1 OU 1 OU 
2-Methylphenol 2800000 10000000 -- 1 OU 1 OU 1 OU 1 OU 
2-Nitroaniline -. -- -- 25U 25U 25U 25U 
2-Nitrophenol -. -- -- 1 OU 1 OU 1 OU 1 OU 
3,3'-Dichlorobenzidine 2000 6000 100000 1 OU 1 OU 1 OU 1 OU 
3-Nitroaniline -- -- -- 25U 25U 25U 25U 
4,6-Dinitro-2-methylphenol -- -- -- 25U 25U 25U 25U 
QBromophenyl phenyl ether -- -- -- 1 OU 1 OU 1 OU 1 OU 
4-Chloro-3-methylphenol 10000000 10000000 100000 1 OU 1 OU 1 OU IOU 
4-Chloroaniline 230000 4200000 -- 1 OU 1 OU 1 OU 1 OU 
QChlorophenyl phenyl ether -- .- -- 1 OU 1 OU 1 OU 1 OU 

QMethylphenol 2800000 10000000 -- 1 OU 1 OU 1 OU 1 OU 

&Nitroaniline -- -- -- 25U 25U 25U 25U 

4-Nitrophenol -- -- -- 25U 25U 25U 25U 

Acenaphthene 3400000 10000000 100000 1 OU IOU 1 OU 1 OU 

Acenaphthylene -- -- -- 1 OU 1 OU 1 OU 1 OU 
Anthracene 10000000 10000000 100000 1 OU 1 OU 1 OU 1 OU 
Benzo(a)anthracene 900 4000 500000 1 OU 1 OU 1 OU 1 OU 

Benzo(a)pyrene 660 660 100000 1 OU 1 OU 1 OU 1 OU 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phese 1A Remedial Investigation, Bayonne Plent, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: FBNA9-102694 FBNA11-102794 FBNA13-102894 FBNAl4-102894 
Depth: 

Impact to  Zoneqq: 
Anaiyte (ugkg) Residential Non-Residential Groundwater Dete: 10126194 10127194 10128194 10128194 

Benzo(b)fluoranthsne 
Benzo(g,h,i)per)dsne 
Benzo(k)fluoranthene 
Butyl benzyl phthalats 
Carbazole 
Chrysens 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibsnzo(a, h)anthracene 
Dibenzofuran 
Diethyl phthelate 
Dimethyl phthalate 
Fluoranthsne 
Fluorene 
Hsxachlorobenzsne 
Hexachlorobutadiene 
Hsxachlorocyclopentadiene 
Hsxachloroethens 
Indsno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene 
Nitrobenzsne 
Pentachlorophenol 
Phenanthrsne 
Phenol 
Pyrene 
bis(2-Chloroethoq4methane 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyl)phthalate 

Total Semivolatile Compounds 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: FBNA17-103194 
Depth: 

Impact to Zone* *: 
Analyte (ughcg) Residential Non-Residential Groundwater Date: 1013 1/94 

1,2,4-Trichlorobenzene 
l,2-Dlchlorobsnzene 
1,3-Dichlorobenzene 
l,4-Dichlorobenzene 
2,2'-oxybis( 1 -Chloropropane) 
2,4,5-TricMorophenol 
2,4,6-TrlchlorophenoI 
2.4-Dichlorophenol 
2,4Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4.6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: FBNA17- 103 194 
Depth: 

Impact to Zone*.: 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1013 1 194 

Benzo(k)fluoranthene 
Butyl benzyl phthalate 
Carbazole 
Chrysene 
Di-n-butyl phthalate 
Di-n-octyl phthalate 
Dibenzo(a,h)anthracene 
Dibenzofuran 
Diethyl phthalate 
Dirnethyl phthalate 
Fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentadiene 
Hexachloroethane 
Indeno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylamine 
N-Nitrosodiphenylamine 
Naphthalene . 

Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methane 
bis(2-Chloroethy1)ether 
bis(2-Ethylhexyl)phthalate 

Total Semivolatile Compounds 8 

See last page for footnotes. 
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Table 5-3. Semivolatile Organic Compounds in  Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criteria in  micrograms per kilogram (ugkg) (equivalent to parts per billion [ppbl). 
Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North Carolina, using Contract Laboratory Program (CLP) 
protocols contained in  the Statement of Work (SOW) OLM01.8. 
Sample results exceeding the NJDEP impact t o  groundwater criteria are shown in  bold. Sample results exceeding the NJDEP non-residential oriteria are underlined. 
Sample results excaeding both criteria are shown i n  bold and underlined. 
FBNA Indicates a fiald blank associated with non-aqueous samples. 
FR Field replicate of previous sample. 
U The compound was analyzed for, but not detected at the specifio detection limit. 
J Estimated result. 
R Rejected result. 
-- No applicable criteria. 

NJDEP Soil Cleanup Criteria, February 3, 1992; last revised February 3. 1994. 
* *  Zone as defined in  Table 3-2. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: 3TFIRMB4 3TFIRMB4 AGTFSBl AGTFSB1 AGTFSB2 AGTFSB3 
NJDEP Soil Cleanup Criteria Depth: 02 06 02 06 04 02 

Impact to Zone*.: N3TF N3TF AGTF AGTF AGTF 
Analyte (ug~kg) 

AGTF 
Residential Non-Residential Groundwater Date: 1011 7194 1011 7194 10120194 10120194 10128194 10127194 

4,4'-ODD 3000 12000 50000 3.9U 3.8UJ 4.3UJ 21 UJ 19U R 
4.4'-DOE 2000 9000 50000 84 R 14J 21 UJ 19U 20U 
4,4'-DOT 2000 9000 500000 R 3.8UJ R 21 UJ 19U R 
Ald rin 40 170 50000 18J 2UJ 2.2UJ 17J 9.6U IOU 
Aroclor- 101 6 490 2000 50000 39U 38UJ 43UJ 21 OUJ 1 SOU 200U 
Aroclor-122 1 490 2000 50000 79U 78UJ 87UJ 44QUJ 380U 400U 
Aroclor-1232 490 2000 50000 39U 38UJ 43UJ 2lOUJ 1 SOU 200U 
Aroclor-1242 490 2000 50000 39U 38UJ 43UJ 210UJ 1 SOU 200U 
Aroclor-1248 490 2000 50000 39U 38UJ 43UJ 21 OUJ 1 SOU 200U 
Aroclor- 1254 490 2000 50000 39U 38UJ 43UJ 21 OUJ 1 SOU 200U 
Aroclor- 1260 490 2000 50000 39U 38UJ 43UJ 210UJ 1 SOU 200U 
Dieldrin 42 180 50000 3.9U 3.8UJ 4.3UJ 21 UJ 19U 20U 
Endosulfan I -- -- -- 2U 2UJ R 11UJ 9.6U 1 OU 
Endosulfan II -- .- -. 3.9U 3.8UJ 4.3UJ 21 UJ 19U 20U 
Endosulfan sulfate -- -. -- R 3.8UJ 4.3UJ 21 UJ 19U 20U 
Endrin 17000 3 10000 50000 7.3J 3.8UJ 4.3UJ 21UJ 19U 20UJ 
Endrin aldehyde -- .- -- 3.9U 3.8UJ 21J 21 UJ 19U 20U 
Endrin ketone .- .- -- 11 . 3.8UJ 4.3UJ 21 UJ 19U 20U 
Heptachlor 150 650 50000 2U 2UJ 2.2UJ 11UJ 9.6U 1 OU 
Heptachlor epoxide -- -- -- 2U 2UJ 2.2UJ 1 lUJ 9.6U 1 OU 
Methoxychlor 280000 5200000 50000 20U 21 OJ 170J 11OUJ 96U 1 OOU 
Toxaphene 100 200 50000 200U 200UJ 220UJ 960U 1 000U 1 1 OOUJ 

alpha-BHC -- -- -- 2U 5.6J 2.2UJ 11UJ 9.6U 1 OU 
alpha-Chlordane -- -- -- 11 2.3J 5J 11UJ 9.6U 1 OU 
beta-BHC -- -- -- 2U 2UJ 2.2UJ l l U J  9.6U 1 OU 
delta-BHC -- -- -- 2U 2UJ 2.2UJ 1 IUJ 9.6U 1 OU 
gamma-BHC (Lindane) 520 2200 50000 2U R 2.2UJ 11UJ 9.6U 1 OU 
gamma-Chlordane -- -- -- 13J 2UJ 2J 11UJ 9.6U 1 OU 

See last page for footnotes. 
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Table 5-4. Pesticide end Polychlorinated Biphenyl Compounds in  Soil Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Beyonne, New Jersey. 

Sample ID: AGTFSB4 AHTFSB1 AHTFSB2 AHTFSB4 AHTFSB4 
NJDEP Soil Cleanup Criteria 

ap5b2 
Depth: 0 2  0 2  0 2  0 2  0 8  0 2  

Impact to Zone*.: AGTF AHTF AHTF AHTF AHTF AP 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10/20/94 1011 9 /94 1011 4/94 1 OH 4/94 1011 4/94 10/26/94 

4,4'-DDD 
4.4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1 0 1 6  
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindenel 
gemme-Chlordane 

-- 

See last page for footnotes. 

GERAGHTY f? MILLER, INC. 



-.. 
Page 3 of 20 

Table 5-4; Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne. New Jersey. 

Sample ID: APSE5 APSE5 APSE6 APSE6 DTSB3 DTSB3FR 
NJDEP Soil Cleanup Criteria Depth: 02  06 06 10 04  04  

Impact to Zone**: AP AP AP AP DT . DT 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 2194 1011 2194 10121 194 10121 194 10127194 10127194 

4,4'-DDD 
4.4'-DDE 
4.4'-DDT 
Aldrin 
Aroclor-1018 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroolor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosufan I 
Endoeulfan II 
Endoeulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxap hene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 

21 u 
21 U 
21 U 
11U 
210U 
430U 
210U 
210U 
210U 
210U 
210U 
21 u 
11U 
21 U 
21 U 
21 U 
88J 
3 6 
11u 
11U 
270J 
1 1 OOU 
11U 
39J 
11U 
11U 
11U 
11U 

21UJ 
21 UJ 
58J 
11UJ 
210UJ 
430UJ 
210UJ 
210UJ 
210UJ 
210UJ 
210UJ 
21 UJ 
11UJ 
21 UJ 
21 UJ 
21UJ 
21 UJ 
21 UJ 
11UJ 
11 lU 
55J 
1 1 OOUJ 
11UJ 
21J 
11UJ 
11UJ 
11UJ 
11UJ 

61J 
20UJ 
20UJ 
1 OUJ 
2WUJ 
41 OUJ 
2OOUJ 
2WUJ 
2WUJ 
2WUJ 
2WUJ 
20UJ 
1 OUJ 
20UJ 
20UJ 
20UJ 
20UJ 
1 OJ 
1 OUJ 
10UJ 
1 WUJ 
1 OOOUJ 
1 OUJ 
1 OUJ 
1 OUJ 
1 OUJ 
1 OUJ 
12J 

19J 
20UJ 
20UJ 
1 OUJ 
200UJ 
41 OUJ 
200UJ 
200UJ 
200UJ 
200UJ 
200UJ 
20UJ 
10uj 

20UJ 
20UJ 
20UJ 
20UJ 
20UJ 
10uj 

10UJ 
1 OOUJ 
1 OOOUJ 
lOUJ 
10uj 

10uj 

lOUJ 
1 OUJ 
1 OUJ 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne. New Jersey. 

Sample ID: EClRMBl EClRMB3 ECIRMB3 ECPSB1 ECPSB2 
NJDEP Soil Cleanup Criteria 

ECPSB2 
Depth: 02 02 06 02 06 12 

Impact to Zone* *: U N3TF N3TF ECP ECP 
Analyte (ugkg) 

ECP 
Residential Non-Residential Groundwater Date: 10124194 1011 9/94 1011 9/94 10120194 10120194 1 0120194 

4.4'-DDD 
4,4'-DDE 
4,4'-DOT 
Aldrin 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 

22UJ 
22UJ 
22UJ 
11UJ 
220UJ 
440UJ 
220UJ 
220UJ 
220UJ 
220UJ 
220UJ 
22UJ 
11UJ 
22UJ 
22UJ 
22UJ 
22UJ 
22UJ 
11UJ 
11UJ 
11OUJ 
11 OOUJ 
11UJ 
11UJ 
11UJ 
11UJ 
11 UJ 
11UJ 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New jersey. 

Sample ID: ECPSB4 ECPSB5 GFSBl GTFIRMB1 GTFlRMB2 GTFlRMB3 
NJDEP Soil Cleanup Criteria + Depth: 08 0 2 02  02 02  02  

Impact to Zone*.: ECP ECP STF GTF GTF GTF 
Analyte (uglkg) Residential Non-Residential Groundwater Date: 1011 9/94 1011 9/94 1011 2/94 10/8/94 l o l l  7/94 1 111 8/94 

4,4'-DDD 
4,4'-DDE 
4.4'-DDT 
Aldrin 
Aroclor-1016 
Aroclor- 1 221 
Aroclor-1232 
Aroclor- 1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor- 1 280 
Dieldrin 
Endosulfan I 
Endosulfan II - 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptechlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 

20UJ 
46J 
20UJ 
1 lOJ 
200UJ 
40OUJ 
200UJ 
200UJ 
200UJ 
200UJ 
200UJ 
20UJ 
35J 
20UJ 
20UJ 
20UJ 
20UJ 
20UJ 
10UJ 
lOUJ 
1 WUJ 
1 OOOUJ 
10UJ 
39J 
1 OUJ 
1 OUJ 
1 OUJ 
83J 

See last page for footnotes. 

GERAGHTY @ MILLER, INC. 



Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Beyonne, New Jersey. 

Sample ID: GTFIRMB4 GTFIRMB5 GTFIRMB5FR GTFlRMB5 GTFIRMBB 
NJDEP Soil Cleanup Criteria Depth: 0 2  0 2  0 2  08  0 4  

Impact to Zone**: GTF GTF GTF GTF GTF 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 1011 7/94 10105194 10105194 1 111 8/94 1 111 6/94 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1018 
Aroclor- 1 22 1 
Aroclor-1232 
Aroclor-1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor-1280 
Dieldrin 
Endosulfan I 
Endosulfen II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxephene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindenel 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorineted Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFIRMB7 GTFlRMB8 GTFlRMB8 GTFIRMB9 GTFSBl 
NJDEP Soil Cleanup Criteria Depth: 0 2  0 2  08  0 2  0 2  

Impact to Zone* *: GTF GTF GTF GTF 
Analyte (ugkg) 

GTF 
Residential Non-Residential Groundwater Date: 1011 7/94 1011 8194 10/18194 10105194 1011 0194 

4,4'-DDD 
4,4'-DOE 
4,4'-DDT 
Aldrin 
Aroclor-1 0 1  6 
Aroclor-1221 
Aroclor- 1 232 
Aroclor- 1 242 
Aroclor- 1 248 
Aroclor-1254 
Aroclor-1260 
~ i e l d h n  
Endosulfan I 
Endosulfan I1 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

Sample ID: GTFSBl GTFSB2 GTFSB3 GTFSB4 GTFSB5 GTFSB6 
NJDEP Soil Cleanup Criteria Depth: 08 0 2 02 02  0 2 0 2 

Impact to Zone*.: GTF GTF GTF GTF GTF GTF 
Analyte (upfig) Residential Non-Residential Groundwater Date: 1011 0194 1011 3194 1011 0194 1011 3/94 1011 3/94 1011 1 194 

4,4'-DDD 3000 12000 50000 R 20U 3.9U 81 3.5UJ 14  
4.4'-DDE 2000 9000 50000 R 20U 6.1 17 3.5UJ 18 
4,4'-DDT 2000 9000 500000 R 1 OOJ 20 3 60 3.5UJ 1 20 
Aldrin 40 170 50000 R 1 OU 2U 3J 1.8UJ 1.9U 
Aroclor-1016 490 2000 50000 R 200U 39U 37U 35UJ 37U 
Aroclor-1221 490 2000 50000 R 410U 79U 75U 72UJ 76U 
Aroclor-1232 490 2000 50000 R 200U 39U 37U 35UJ 37U 
Aroclor-1242 490 2000 50000 R 200U 39U 37U 35UJ 37U 
Aroclor- 1 248 490 2000 50000 R 200U 39U 37U 35UJ 37U 
Aroclor-1254 490 2000 50000 R 200U 39U 37U 35UJ 37U 
Aroclor-1260 490 2000 50000 R 200U 39U 37U 35UJ 37U 
Dieldrin 42 180 ,50000 R 20U 3.9U 12 3.5UJ 6.4 
Endosulfan I -- -- -- R 1 OU 2U 1.9U 1.8UJ 1.9U 
Endosulfan II -- -. R 20U 3.9U 3.7U 3.5UJ 3.7U 
Endosulfan sulfate -- -- -- R 20U 3.9U 3.7U 3.5UJ 3.7U 
Endrin 17000 3 1 0000 50000 R 20U 3.9U 3.7U 3.5UJ 3.7U 
Endrin aldehyde -- -- -- R 20U 3.9U 3.7U 3.5UJ 3.7U 
Endrin ketone -. -- -- R 20U 3.9U 4.4 3.SUJ 94 
Heptachlor 150 650 50000 R 1 OU 2U 1.9U 1.8UJ 1.9U 
Heptachlor epoxide -. -- - R 1 OU 2U R 1.8UJ 1.9U 
Methoxychlor 280000 5200000 50000 R 1 OOU 20U 19U 18UJ 19U 
Toxaphene 100 200 50000 R 1 OOOU 200U 1 SOU 180UJ 1 SOU 
alpha-BHC -- -- -- R 1 OU 2U 1.9U 1.8UJ 1.9U 
alpha-Chlordane -- -- -- R 1 OU 2U 9.6 1.8UJ 9.6 
beta-BHC -- -- -- R 1 OU 2U 1.9U 1.8UJ 1.9U 
delta-BHC -- -. -- R 1 OU 2U 1.9U 1.8UJ 1.9U 
gamma-BHC (Lindenel 520 2200 50000 R 1 OU 2U 1.9U 1.8UJ 1.9U 
gamma-Chlordane .- .. -- R 1 OU 2U 275 1.8UJ 2.2J 

- - 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl compounds in  Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFSB7 GTFSB7 GTFSB8 GTFSB8 GTFSBS GTFSBS 
NJDEP Soil Cleanup Criteria Depth: 0 2  0 8  0 4  0 8  0 2  0 8  

Impact to Zoneq*: GTF GTF GTF GTF GTF GTF 
Analyte (uglkg) Residential Non-Residential Groundwater Date: 1011 1/94 1011 3/94 1011 3/94 1 OH 3/94 1 OH 3/94 1 111 6/94 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1 0 1  6 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor- 1248 
Aroclor-1254 
Aroclor- 1260 
Dieldrin 
Endosulfan I 
Endosulfan It 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptaohlor epoxide 
Methoxychlor 
Toxaphene 
alphe-BHC 

gemrna-BHC (Lindens) 
gamma-Chlordane 

22U 
22U 
22U 
11U 
220U 
450U 
220U 
220U 
220U 
220U 
220U 
22U 
11U 
2 2 u  
22U 
22U 
22U 
22U 
11U 
11U 
1 lOU 
1 1 OOU 
1 1 u  
11U 
1 l U  
11U 
11U 
12J 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinatad Biphenyf Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonna Plant, Bayonne. New Jersey. 

Sample ID: LAlRMBl LOSBl LOSS1 LOSE2 LOSE2 LOSE3 
NJDEP Soil Cleanup Criteria + Depth: 02  04  08 04 08 02  

Impact to Zone*.: LO LO LO LO LO LO 
Analyts (ugkgl Residential Won-Residential Groundwater Date: 10124194 10125194 10125194 1011 4/94 1011 4/94 10124/94 

4,4'-DDD 3000 12000 50000 - 85000 19UJ 19U 43 31U 4U 
4,4'-ODE 2000 9000 50000 R 19UJ 19U 23 U 3 1 U 4U 
4,4'-DDT 2000 9000 500000 - 48000 19UJ 19U 23 U 130 4U 
Aldrin 40 170 50000 450U 32J 9.8U 12U 18U 2.1U 
Aroclor-1 01  6 490 2000 50000 1 90UJ 1 SOU 230U 310U 40U 8800U 
Aroclor-1221 490 2000 50000 18OgOU 390UJ 390U 470U 820U 82U 
Aroclor- 1 232 490 2000 50000 8800U 190UJ 190U 230U 310U 40U 
Aroclor-1242 490 2000 50000 8800U 1 90UJ 1 SOU 230U 310U 40U 
Aroclor- 1 248 490 2000 50000 8800U 1 90UJ 1 SOU 230U 310U 40U 
Aroclor- 1 254 490 2000 50000 8800U 190UJ 190U 230U 310U 40U 
Aroclor- 1 280 490 2000 50000 8800U 190UJ 1 SOU 230U 310U 40U 
Dieldrin 42 180 50000 - 5600J 19UJ 19U 23U 31U 4U 
Endosulfan I -- .- -- 450U 9.9UJ 9.8U 12U 18U 2.1U 
Endosulfen II -- -- -- 880U 19UJ 19U 23 U 3 1 U 4U 
Endosulfan sulfate -- -- -- 880U 19UJ 19U 23 U 31U 4U 
Endrin 17000 3 1 0000 50000 880U 19UJ 19U 23 U 3 1 U 4U 
Endrin aldehyde .- -- -- 880U R 19U 23 U R 4U 
Endrin ketone -- -- .- R 19UJ 19U 23U 74J 4U 
Hsp tac hlor 150 650 50000 450U 9.9UJ 9.8U 12U 18U 2.1 U 
Heptachlor epoxide -- -- -- 450U 9.9UJ 9.8U 12U 16U 2.1 U 
Methoxychlor 280000 5200000 50000 4500U 99UJ 98U 120U 160U 21 U 
Toxephena 100 200 50000 45000U 990UJ 980U 1200U 1660U 210U 
alpha-BHC -- -. -- 450U 9.9UJ 9.8U 12U 18U 2.1 U 
alphechlordane .- -- -- R 31J 12J 12U 16U 2.1 U 
beta-BHC -- -- -- 450U 9.9UJ 9.8U 12U 1 8U 2.1 U 
delta-BHC -- * -- -- 450U 9.9UJ 9.8U 12U 1 8U 2.1 U 
gamma-BHC (Lindenel 520 2200 50000 450U 9.9UJ 9.8U 12U 1 8U 2.1U 
garnmeChlordane -- .- -- 1800 22J 9.8U 12U l 8U  2.1U 

- - 

See last page for footnotes. 
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Table 5-4. Pesticide end Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

Sam~le ID: LOSB4 
NJDEP Soil Cleanup Criteria bep%: 0 2 - -  

Impact to Zone*': LO 
Anelyte (ugkg) Residential NowResidentiel Groundwater Date: 10124194 

4.4'-DDD 
4.4'-DDE 
4,4'-DOT 
Aldrin 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclorrl 254 
Aroclor-1260 
Dieldrin 
Endosulfen l 
Endosulfen II 
Endosulfen sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptechlor 
Heptechlor epoxide 
Methoxychlor 
Toxephene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gemme-BHC (Lindenel 
gamma-Chlordane 

- 

LOSB8 LOSBS LOSBS LOSBlO 
0 2  0 2  06  0 4  
SS LO LO LO 
10124194 10125194 10/25/94 10128194 

3.8UJ 21 UJ 18UJ 76J 
3.8UJ 21 UJ 18UJ 18U 
3.8UJ 21UJ 18UJ 18U 
2UJ 1 l U J  9.4UJ 9.5U 
38UJ 210UJ 180UJ 180U 
77UJ 430UJ 370UJ 370U 
38UJ 2lOUJ 180UJ 180U 
38UJ 210UJ 180UJ 180U 
38UJ 210UJ l80UJ 180U 
38UJ 210UJ 180UJ 180U 
38UJ 2lOUJ 180UJ 180U 
14J 21 UJ 18UJ 18U 
2UJ 1 IUJ  9.4UJ 8.5U 
3.8UJ 21 UJ 18UJ 18U 
3.8UJ 21 UJ 18UJ 18U 
3.8UJ 21 UJ 18UJ 18U 
R 21 UJ 18UJ 18U 
3.8UJ 21 UJ 18UJ 18U 
2UJ 11UJ 9.4UJ 9.5U 
8.6J 1 l U J  9.4UJ 9.5U 
20UJ 110Ui  94UJ 95U 
200UJ 1 lOOUJ 940UJ 950U 
2UJ - 11UJ 9.4UJ 9.5U 
2UJ l l U J  9.4UJ 9.5U 
2UJ 11UJ 9.4UJ 9.5U 
2UJ 11UJ 9.4UJ 9.5U 
2UJ 1 I U J  9.4UJ 9.5U 
4J 1 l U J  9.4UJ 9.5U 

LOSBlO 
08 
LO 
10128194 

19U 
19U 
19U 
9.9U 
1 sou 
390U 
1 sou 
1 sou 
1 sou 
1 sou 
1 sou 
19U 
9.9U 
19U 
19U 
19U 
19U 
19U 
9.9U 
9.9U 
99U 
990U 
9.9U 
9.9U 
9.9U 
9.9U , 

9.9U 
9.9U 

See lest page for footnotes. 

GERAGHTY ~3' MILLER, INC. 



Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: LOSBl2 LOSBl 2 LOSBl 3 LOSBl3FR LOSBl3 LOSE1 4 
NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  0 2  0 2  08  0 2  

Impact to Zone**: LO LO LO LO LO LO 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10125194 10125194 10131194 10131 194 10131 194 10125194 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor- 1260 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 

26J 
21 UJ 
21 UJ 
1 l U J  
210UJ 
430UJ 
210UJ 
210UJ 
210UJ 
210UJ 
2 1 OUJ 
21 UJ 
1 l U J  
21UJ 
21UJ 
21 UJ 
21 UJ 
21 UJ 
1 l U J  
1 l U J  
1 lOUJ 
1 1 OOUJ 
1 l U J  
1 l U J  
l l U J  
1 l U J  
1 l U J  
1 l U J  

See last page for footnotes. 
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Table 5-4. pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA  Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: LOSE1 5 LOSE1 6 LOSE1 7 LOSE1 8 LOSE1 8 LOSBl 8FR MBSBl 
NJDEP Soil Cleanup Criteria Depth: 02  04  02  02  08 08 02 

Impact to Zone*": LO LO LO LO LO LO 
Anal e (u /k ) 

MB 
Residential Non-Residential Groundwater Yt B g Date: 10124194 10125194 10124194 10124194 10124194 10124194 10125194 

4,4'-DDD 3000 12000 50000 210 1 8U 3.9U 4.1 22UJ 4.2UJ 19UJ 
4,4'-DDE 2000 9000 50000 21J 18U 3.9U 3.8U 22UJ 4.2UJ 19UJ 
4.4'-ODT 2000 9000 500000 7.6U 18U 3.9U 3.8U 22UJ R 19UJ 
Aldrin 40 170 50000 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 
Aroclor-1016 490 2000 50000 76U 1 SOU 39U 38U 220UJ 42UJ 190UJ 
Aroclor-1221 490 2000 50000 160U 370U 79U 76U 440UJ 86UJ 380UJ 
Aroclor-1232 490 2000 50000 76U 1 SOU 39U 38U 220UJ 42UJ 19OUJ 
Aroclor-1242 490 2000 50000 76U 1 SOU 39U 38U 220UJ 42UJ 190UJ 
Aroclor-1248 490 2000 50000 76U 1 80U 39 U 38U 220UJ 42UJ 190UJ 
Aroclor-1254 490 2000 50000 76U 1 80U 39U 38U 220UJ 42UJ 190UJ 
Aroclor-1260 490 2000 50000 76U 1 SOU 39U 38U 220UJ 42UJ 1 9OUJ 
Dieldrin 42 180 50000 24 18U 3.9U 3.8U 22UJ 4.2UJ 19UJ 
Endosulfan I - -- - 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 
Endosulfan II .- -- -- 7.6U 18U 3.9U 3.8U 22UJ 4.2UJ 19UJ 
Endosulfan sulfate .- -- - 7.6U 18U 3.9U 3.8U 22UJ 4.2UJ 19UJ 
Endrin 17000 3 1 0000 50000 7.6U 18U 3.9U 3.8U 22UJ 4.2UJ 19UJ 
Endrtn eldehyde .- .- - 9.3 18U 3.9U 3.8U 22UJ R 19UJ 
Endrin ketone .- -- - 11J 18U 3.9U 3.8U 22UJ 8.5J 19UJ 
Heptachlor 1 50 650 50000 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 
Heptachlor epoxide .- -- - 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 

Methoxychlor 280000 5200000 50000 39U 9 4U 20U 191i 1 lOUJ 22UJ 97UJ 
Toxaphene 100 200 50000 390U 940U 20OU 1 SOU 1 lOOUJ 220UJ 970UJ 
alphe-BHC .- -- - R 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 

alphechlordane .- -- - 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 
beta-BHC .- .- -- 3.9U 9.4U 2U 1.9U 1 lUJ  2.2UJ 9.7UJ 
delta-BHC -- -. -- 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 
gamma-BHC (Lindenel 520 2200 50000 3.9U 9.4U 2U 1.9U l l U J  2.2UJ 9.7UJ 
gamma-Chlordane -- -- -- 3.9U 9.4U 2 U 1.9U l l U J  2.2UJ 9.7UJ 

See last page for footnotes. 
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Tabla 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: MBSB2 MBSB3 MBSB3 MBSB3FR MDCBSB2 N2TFSB2 
NJDEP Soil Cleanup Criteria Depth: 02 06 10 10 03 02 

Impact to Zone*.: MB MB MB MB MDC N2TF 
Analyte (ugkg)  Residential Non-Residential Groundwater Date: 10121 194 10125194 10/25/94 10125194 10111 194 10119194 

4,4'-DDD 3000 1 2000 50000 7.9J 24UJ 23 U 23UJ 3.6U 4.1U 
4.4'-DDE 2000 9000 50000 3.8UJ 24U 23 U 23UJ 3.6U 48 
4,4'-DDT 2000 9000 500000 3.8UJ R 23U 23UJ 3.6U 54 
Aldrin 40 170 50000 2UJ R 12U 12UJ 1.8U 2.5J 
Aroclor-1016 490 2000 50000 38UJ 240UJ 230U 230UJ 36U 41 U 
Aroclor-1221 490 2000 50000 77UJ 490UJ 470U 460UJ 73U 83U 
Aroclor-1232 490 2000 50000 38UJ 240UJ 230U 230UJ 36U 41U 
Aroclor-1242 490 2000 50000 38UJ 240UJ 230U 230UJ 36U 41 U 
Aroclor- 1248 490 2000 50000 38UJ 240UJ 230U 230UJ 36U 41 U 
Aroclor-1254 490 2000 50000 38UJ 240UJ 230U 230UJ 36U 41 U 
Aroclor-1260 490 2000 50000 38UJ 240UJ 230U 230UJ 36U 41 U 
Dieldrin 42 180 50000 3.8UJ R 23 U 23UJ 3.6U 4.1U 
Endosulfan I -- .- -- 2UJ 12UJ 12U 12UJ 1.8U 2.1 U 
Endosulfan II -. .- -- 3.8UJ 24UJ 23U 23UJ 3.6U 4.1U 
Endosulfan sulfate -- -- -- 3.8UJ 24U J 23U 23UJ 3.6U 4.1U 
Endrin 17000 3 10000 50000 3.8UJ R 23 U 23UJ 3.6U 4.1U 
Endrin aldehyde -- -- .. 3.8UJ 24UJ 23U 23UJ 3.6U 4.1U 
Endrin ketone -- .- 3.8UJ 24UJ 23U 23UJ 3.6U 4.1U 
Heptachlot 1 50 650 50000 2UJ R 12U 12UJ 1.8U 2.1U 
Heptachlor epoxide -- -- -- 2UJ 12UJ 12U 1 l U J  1.8U 2.1U 
Methoxychlor 280000 5200000 50000 20UJ 120UJ 120U 26J 18U 21 U 
Toxaphene 100 200 50000 200UJ 1 200UJ 1200U 1200UJ 180U 210U 
alpha-BHC -- .- -- 2UJ 12UJ 12U 12UJ 1.8U 2.1U 
alpha-Chlordane -- -- .- 2UJ 12UJ 13J 12UJ 1.8U 2.1U 
beta-BHC -- -- -- 2UJ 57J 12U 12UJ 1.8U 2.1U 
delta-BHC .- -. -- 2UJ 12UJ 12U 12UJ 1.8U 2.1 U 
gamma-BHC (Lindens) 520 2200 50000 2UJ R 12U 12UJ 1.8U 2.1 U 
gamma-Chlordane .. .- -- 2 W  12UJ 12U 12UJ 1.8U 2.1U 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: N2TFSB4 N2TFS 04 N2TFSB5 N2TFSB5 N3TFSBl N3TFSB2 - 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  0 2  06  02  0 2  
Impact to Zone* *: N2TF N2TF N2TF N2TF N3TF AP 

Analyte (uglkg) Residential Non-Residential Groundwater Date: 10128194 10128194 1011 9/94 1011 9/94 1011 8/94 1011 9/94 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1016 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 

21 U 
21 u 
21 U 
11u  
210U 
420U 
210U 
210U 
210U 
210U 
21 OU 
21 U 
11u  
21 U 
21 U 
21 U 
21 U 
21U 
11U 
11U 
1 IOU 
1 1 OOU 
11U 
11U 
11U 
11U 
11U 
11u  

-- - -- 

See last page for footnotes. 
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Table 6-4. pesticide and Polychlorineted Biphenyl Compounds in  Soil Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Bayonne. New Jersey. 

Sample ID: N3TFSB2 NBTFSB2FR N3TFSB3 N3TFSB4 N3TFSB5 N3TFSB6 
NJDEP Soil Cleanup Criteria Depth: 08  08  0 2  0 2  08 0 2 

Impact to Zone*.: AP AP N3TF N3TF N3TF N3TF 
Anelyte (ugkg) Residentiel Non-Residential Groundwater Date: 1011 9/94 1011 9/94 1011 3/94 10/17/94 1011 9/94 1011 8/94 

4,4'- D D D 3000 12000 50000 4.5UJ 47J R 3.9U 3.9U 99 
4,4'-ODE 2000 9000 50000 4.5U 21U 39 21J 3.9U 54 
4,4'-DDT 2000 9000 500000 4.5U 21 U 57J 24J 3.9U 20U 
Aldrin 40 1 70 50000 2.3U 11U 2.1 2U 2UJ IOU 
Aroclor-1016 490 2000 50000 45U 210U 40U 39U 39U 200U 
Aroclor-1221 490 2000 50000 91U 430U 81U 79U 79U 400U 
Aroclor-1232 490 2000 50000 45U' 210U 40U 39U 39U 200U 
Aroclor-1242 490 2000 50000 45U 210U 40U 39U 39U 200U 
Aroclor-1248 490 2000 50000 45U 210U 40U 39U 39U 200U 
Aroclor-1254 490 2000 50000 45U 210U 40U 39U 39U 200U 
Aroclor-1260 490 2000 50000 45U 210U 40U 39U 39U 200U 
Dieldrin 42 180 50000 4.5U 21 U 9.1 3.9U 3.9U 20U 
Endosulfan I .- -- -- 2.3U 11U 2U 2U 2U 1 OU 
Endosulfen I1 - -. -- 20 21 U 4U 3.9U 3,9U 20U 
Endosulfan sulfate -- -- -- 4.5U 21 U 4U 3.9U 3.9U 20U 
Endrin 17000 3 1 0000 50000 4.5U 21 U 4U 3.9U 3.9U 20U 
Endrir) aldehyde -. -- -- 4.5U 21 U 4U 3.9U 3.9U 20U 
Endrin ketone -- -- -- 8.8J 21 U 4U 3.9U 3.9U 20U 
Heptachlor 1 50 650 50000 2.3U 11U 2U R 2U 1 OU 
Heptachlor epoxide -- -- .. 2.3U 11U 2U 2U 2U 1 OU 
Methoxychlor 280000 5200000 50000 23U 1 IOU 20U 20U 20U 100U 
Toxaphene 100 200 50000 230U 1 1 OOU 200U 2WU 200U 1 000U 
alpha-BHC -- -- -- 2.3U 11U 2U 2U 2U 1 OU 
elpha-Chlordane -- -- -- 2.3U 11U 2U R R 1 OU 
beta-BHC -- -- -- 2.3U 11U 2U 2U 2U 1 OU 
delta-BHC -- -- -- 2.3U 11U 2U 2U 2U 1 OU 
gamma-BHC (Lindane) 520 2200 50000 2.3U 11U 2U 2U 2U 1 OU 
gamma-Chlordane .. -. -- 2.3U 11U 7.9J 2U 2U 1 OU 

-- 

See last pege for footnotes. 
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Table 5-4. Pesticide end Polychlorineted Biphenyl Compounds In Soil Semples Collected During the Phese IA Remedial Investigation, Beyonne Plant, Beyonne, New Jersey. 

Sample ID: N3TFSB7 N3TFSB8 N3TFSB8 N3TFSBS PN 1 SB2 PN 1 SB2 
NJDEP Soil Cleanup Criteria Depth: 02  02  06 02  04  08 

Impact to Zone* *: N3TF N3TF N3TF N3TF P 1 
Analyte (ug~kg) 

P I  
Residential Non-Residential Groundwater Date: 1011 8/94 10/18/94 1011 8/94 1 1 102194 1 1 K)2/94 1 1/02/94 

4.4'-DDD 3000 1 2000 50000 35J 19U 4UJ 240J 26 19U 
4,4'-DDE 2000 9000 50000 62J 22 4.3J 260 18U 19U 
4.4'-DOT 2000 9000 500000 4.1 U 19U 4UJ 290J 18U 19U 
Aldrin 40 170 50000 41J 1 OU 2.1UJ 11U 9.5U 9.9U 
Aroclor-1016 490 2000 50000 41 U 1 SOU 40UJ 210U 180U 1 SOU 
Aroclor-122 1 490 2000 50000 83U 390U 81UJ 420U 370U 390U 
Aroclor-1232 490 2000 50000 41 U 1 SOU 40UJ 210U 180U 1 SOU 
Aroclor-1242 490 2000 50000 41 U 1 SOU 40UJ 210U 180U 1 SOU 
Aroclor- 1 248 490 2000 50000 41 U 1 SOU 40UJ 210U 180U 1 SOU 
Aroclor-1254 490 2000 50000 41 U 1 SOU 40UJ 210U 180U 1 SOU 
Aroclor-1260 490 2000 50000 41 U 1 SOU 40UJ 210U 180U 1 SOU 
Dieldrin 42 180 50000 4.1U 19U 4UJ 21U 18U 19U 
Endosulfan I -- -. .- 2.1U 1 OU 2.1 UJ 11U 9.5U 9.9U 
Endoeulfan II -- -- - 4.1U 19U 4UJ 21 U 18U 19U 
Endoeulfan sulfate -- -- -- 4.1 U 19U 4UJ 21U 18U 19U 
Endrin 1 7000 3 1 0000 50000 4.1U 1 9U 4UJ 21U 26J 19U 
Endrin aldehyde -- -- -- 4.1U 19U 4UJ 21U 18U 19U 
Endrin ketone -- -- .. R 19U 4UJ 21 U 18U 19U 
Heptachlor 150 650 50000 2.1U 1 OU 2.1 UJ 11U 9.5U 9.9U 
Heptachlor epoxide -- -- - 2.1U 1 OU 2.1UJ 11U 9.5U 9,SU 
Methoxychlor 280000 5200000 50000 21 U 1 OOU 21UJ 1 lOU 95U 99U 
Toxaphene 100 200 50000 2lOU 1 OOOU 2lOUJ 1100U 950U 990U 
alpha-BHC -- -- -- 2.1U 1 OU 2.1 UJ 11U 9.5U 9.9U 
alpha-Chlordane -- -- -- R 1 OU 3.1 J 11U 9.5U 9.9U 
beta-BHC -- -- -. R 1 OU 2.1UJ 11U 9.5U 9.9U 
delta-BHC -- -- -- R 1 OU 2.1UJ 11U 9.5U 9.9U 
gamma-BHC (Lindenel 5 20 2200 50000 2.1 U 1 OU 2.1 UJ 11U 9.5U 9.9U 
gamma-Chlordane .- -- -- 23J 1 OU 2.1 UJ 11U 9.5U 9.9U 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: PSSBl PSSBl SSB1 SSB3 SSB3 STFSB1 STFSB1 
NJDEP Soil Cleanup Criteria l Depth: 0 2  0 6  1 8  0 8  10 0 2  08  

Impact to Zoneoo: MB MB SS SS SS STF STF 
Analyte (ugikgl Residential Non-Residential Groundwater Data: 1013 1 194 10/3 1 194 10124194 10/24/94 10/24194 10128/94 10128194 

4,4'-DDD 
4.4'-DDE 
4.4'-DDT 
Aldrin 
Aroclor- 101 6 
Aroclor-1221 
Aroclor-1232 
Aroclor- 1 242 
Aroclor-1248 
Aroclor- 1 254 
Aroclor- 1 260 
Dieldrin 
Endosulfan I 
Endosurfen II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxap hene 
alpha-BHC 

- - -  

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: STFSB2 FBNA1-100594 FBNA5-101994 FBNA6-102094 ' FBNA7-102594 
NJDEP Soil Cleanup Criteria Depth: 08 

Impact to Zone*.: STF 
Analyte (uglkg) Residential Non-Residential  roundw water Date: 10126194 10105194 1011 9/94 10120194 10125194 

4,4'-DDD 3000 1 2000 50000 21 U 0.1U 0.1U 0.1U 0.1U 
- 

4,4'-DDE 2000 9000 50000 21 U 0.1 U 0.1U 0.1 U 0.1U 
4,4'-DDT 2000 9000 500000 R 0.1 U 0.1 U 0.1U 0.1U 
Aldrin 40 170 50000 11U 0.05U 0.05U 0.05U 0.05U 
Aroclor-1016 490 2000 50000 210U 1 U 1 U 1 U 1 U 
Aroclor-1221 490 2000 50000 430U 2U 2U 2U 2U 
Aroclor-1232 490 2000 50000 210U 1 U 1 U 1 U 1 U 
Aroclor-1242 490 2000 50000 210U 1 U 1 U 1 U 1 U 
Aroclor-1248 490 2000 50000 210U 1 U 1 U 1 U 1 U 
Aroclor-1254 490 2000 50000 210U 1 U 1 U 1 U 1 U 
Aroclor-1260 490 2000 50000 21 OU 1 U 1 U 1 U 1 U 
Dieldrin 42 180 50000 21 U 0.1U 0.1U 0.1 U 0.1U 
Endosulfan I -- -- -- 11U 0.05U ' 0.05U 0.05U 0.05U 
Endosulfan II .- -- -- 21 U 0.1 U 0.1 U 0.1U 0.1U 
Endosulfan sulfate -- -- -- 21 U 0.1 U 0.1U 0.1 U 0.1U 
Endrin 17000 3 10000 50000 21 U 0,lU 0.1U 0.1 U 0.1U 
Endrin aldehyde -- -- -- 22 0.1 U 0.1U 0.1U 0.1U 
Endrin ketone -. -- -a 21 U 0.1 U 0.1 U 0.1 U 0.1U 
Heptachlor 150 650 50000 11U 0.05U 0.05U 0.05U 0.05U 
Heptachlor epoxide .- .. -- 11U 0.05U 0.05U 0.05U 0.05U 
Methoxychlor 280000 5200000 50000 1 IOU 0.5U 0.5U 0.5U 0.5U 
Toxaphene 100 200 50000 1 1 OOU 5U 5U 5U 5U 
alpha-BHC -- -- -- 11U 0.05U 0.05U 0.05U 0.05U 
alpha-Chlordane -- -- -- 30J 0.05U 0.05U . 0.05U 0.05U 
beta-BHC -. -- -- 11U 0.05U 0.05U 0.05U 0.008 1 J 
delta-BHC -- -- -- 11U 0.05U 0.05U 0.05U 0.05U 
gamma-BHC (Lindane) 520 2200 50000 11U 0.05U 0.05U 0.05U 0.05U 
gamma-Chlordane -- -- -- 11U 0.05U 0.05U 0.05U 0.05U 

See last page for footnotes. 
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Table 5-4. Pesticide and Polychlorinated Biphenyl Compounds in Soil Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Soil Cleanup Criteria Sample ID: FBNA9-102694 FBNA11-102794 FBNA13-102894 FBNA14-102894 FBNA17-103194 

Impact to Zone* *: 
Analyte (ugkg) Residential Non-Residential Groundwater Date: 10126194 10127194 10128/94 10128194 1013 1 I94 

4,4'-DDD 3000 1 2000 50000 0.1U 0.1U 0.1U 0.1U 0.1U 
4,4'-DDE 2000 9000 50000 0.1U 0.1 U 0. lU 0.1 U 0.1U 
4,4'-DDT 2000 9000 500000 0.1 U 0.1U 0.1U 0.1U 0.1U 
Aldrin 40 170 50000 0.05U 0.05U 0.05U 0.05U 0.05U 
Aroclor-1016 490 2000 50000 1 U 1 U 1 U 1 U 1 U 
Aroclor-1221 490 2000 SO000 2U 2U 2U 2U 2U 
Aroolor-1232 490 2000 50000 1 U 1 U 1 U 1 U 1 U 
Aroclor-1242 490 2000 50000 1 U 1 U 1 U 1 U 1 U 
Aroclor-1248 490 2000 SO000 1 U 1 U 1 U 1 U 1 U 
Aroclor-1254 490 2000 SO000 1 U 1 U 1 U 1 U 1 U 
Aroclor-1260 490 2000 SO000 1 U 1 U 1 U 1 U 1 U 
Dieldrin 42 180 SO000 0.1 U 0.1U 0.1U 0.1U 0.1U 
Endosulfan I .- -- -- 0.05U 0.05U 0.05U 0.05U 0.06U 
Endosulfan II .- -- - 0.1U 0.1U 0.1U 0.1 U 0.1U 
Endosulfan sulfate -- -- -- 0.1 U 0.1U 0.1U 0.1 U 0.1U 
Endrin 17000 3 1 0000 50000 0.1 U 0.1U 0.1U 0.1 U 0.1 U 
Endrin aldehyde -- -- -- 0.1 U 0.1U 0.1U 0.1U 0.1U 
Endrin ketone -- -- -- 0.1 U 0.1U 0.1U 0.1U 0.1U 
Heptachlor 150 650 50000 0.05U 0.05U 0.05U 0.054 0.05U 
Heptachlor epoxide -- -- -- 0.05U 0.05U 0.OSU 0.05U 0.05U 
Methoxychlor 280000 5200000 50000 0.5U 0.5U 0.5G 0.5U 0.5U 
Toxaphene 100 200 50000 5U 5U 5U 5U 5U 
alpha-BHC -- -- -- 0.05U 0.05U 0.05U 0.05U 0.05U 
alpha-Chlordane -- -- -- 0.05U 0.05U 0.05U 0.05U 0.05U 
beta-BHC -- -- -- 0.05U 0.05U 0.05U 0.05U 0.05U 
delta-BHC -- -- -- 0.05U 0.05U 0.05U 0.05U 0.05U 
gamma-BHC (Lindane) 5 20 2200 50000 0.05U 0.05U 0.05U 0.05U 0.05U 
gamma-Chlordane -- -- -- 0.05U 0.05U 0.05U 0.05U 0.05U 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEPJ criteria in micrograms per kilogram (ugkg) (equivalent to parts per billion Ippbl). 
Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North Carolina, using Contract Laboratory Program (CLPJ 
protocols contained in the Statement of Work (SOW) OLM01.8 and New Jersey modified 418.1 for total petroleum hydrocarbon (TPH). 
Sample results exceeding the NJDEP impact to groundwater criteria are shown in bold. Sample results exceeding the NJDEP non-residential criteria are underlined. 
Sample results exceeding both criteria are shown in bold and underlined. 
NJDEP New Jersey Department of Environmental Protection. 
FBNA Indicates a field blank associated with non-aqueous samples. 
FR Field replicate of previous sample. 
U The compound was analyzed for, but not detected at the specific detection limit. 
J Estimated result, 
R Rejected result. 
-- No applicable criteria. 

NJDEP Soil Cleanup Criteria, Februrery 3, 1992; last revised February 3, 1994. . Zones as defined in Table 3-2. GERAGHTY t?? MILLER, INC. 
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Table 5-5. Metals and Cyanide in  Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: 3TFIRMB4 3TFIRMB4 AGTFSBl AGTFSBl AGTFSB2 AGTFSBB AGTFSB4 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6 0 2  0 6  0 4  . 0 2  0 2  

Zone*.: N3TF N3TF AGTF AGTF AGTF AGTF AGTF 

Analyte (mglkg) Residential Non-Residential Date: 1011 7/94 1011 7/94 10120194 . 10120194 10128194 10127194 10120194 

Aluminum 

Antimony 

Arsenio 

Barium 

Beryllium 

Cadmium 

Calcium ' 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation. Bayonne Plant, Bayonne, New Jersey. 

Sample ID: AHTFSBl AHTFSBZ AHTFSB4 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 2  0 2  

Zone": AHTF AHTF AHTF 

Anal yt e h g k g )  Residential Non-Residential Date: 10119194 1011 4/94 1011 4194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 
Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

AHTFSB4 APSB2 APSB5 APSB5 APSB6 

08 0 2  0 2  0 6  0 6  

AHTF AP AP AP AP 

1011 4194 10128194 1011 2/94 1011 2/94 10121 194 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: APSB6 DTSB3 DTSB3FR ECIRMB1 EClRMB3 ECIRMB3 ECPSB1 ECPSB2 

NJDEP Soil Cleanup Criteria Depth: 10 0 4  0 4  0 2  0 2  0 6  0 2  0 6  

Zona**: AP DT DT U N3TF N3TF ECP ECP 

Analyts (mgkg) Residential Non-Residential Date: 10121 194 10127194 10127194 10124194 1011 9194 1011 9/94 10/20194 10/20194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

- - 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: ECPSB2 ECPSB4 ECPSB5 GFSBl GTFlRMBl GTFlRMBl GTFIRMB2 

NJDEP Soil Cleanup Criteria Depth: 12  08  0 2  0 2  0 2  0 8  0 2  

Zone*.: ECP ECP ECP STF GTF GTF GTF 

Analyte (mgtkg) Residential Non-Residential Date: 10120194 1011 9/94 1011 9/94 1011 2/94 10/06/94 10/06/94 1011 7/94 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Sea last page for footnotes. 
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Table 5-5. Metals and Cyanide in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFlRMB2 GTFIRMB3 GTFIRMB3 GTFIRMB4 GTFIRMB4 GTFlRMB5 

NJDEP Soil Cleanup Criteria Depth: 0 8  0 2  1 0  0 2  0 8  0 2  

Zone": GTF GTF GTF GTF GTF GTF 

Analvte (mgkg) Residential Non-Residential Date: 1011 7194 10105194 10105194 1011 7194 1011 7194 10/05194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potessium 

. Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See.last page for footnotes. 

GERAGHTY 63' MILLER, INC. 



Table 5-5. Metals end Cyenlde i n  Soil Samples Collected During the Phase 1 A Remedial Investigation, Beyonne Plant, Beyonne, New Jersey. 

Sample ID: GTFIRMBSFR GTFlRMB5 GTFIRMB6 GTFIRMB6 GTFIRMB7 GTFIRMB7 

NJDEP Soil Cleanup Criteria . Depth: 0 2  0 6  0 4  08 0 2  0 8  

Zone* .: GTF GTF GTF GTF GTF GTF 

Anelwe (mgkg) Residential Non-Residential Date: 10/05/94 10/05/94 10/05/94 10/05/94 1011 7/94 1011 7 /94 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cedmlurn 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potessium 

Selsnium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See lest pege for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFlRMB8 GTFlRMB8 GTFIRMBS GTFIRMBS GTFSBI GTFSBl GTFSB2 

NJDEP Soil Cleanup Criteria ' Depth: 02  08 02  06 0 2 .  08 02  

Zone*': GTF GTF GTF GTF GTF GTF GTF 

Analwe (mgkg) Residential Non-Residential Date: 1011 8194 1011 8194 10105194 10105194 1011 0194 10110194 1011 3194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium - 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

~ e i c u r y  

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See last page for footnotes. 

GERAGHTY &? MILLER, INC. 



Page 8 of 19 

Table 5-5. Metals and Cyanide in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

SampleID:GTFSB3 GTFSB4 GTFSB5 GTFSB6 GTFSB7 GTFSB7 GTFSB8 GTFSB8 

NJDEP Soil Cleanup Criteria ' Depth: 0 2  0 2  0 2  0 2  0 2  0 8  0 4  0 8  

Zone*': GTF GTF GTF GTF GTF GTF GTF GT F 

Analyte (mglkg) Residential Non-Residential Date: 10/10/94 1011 3/94 1011 3/94 1011 1194 1011 3194 1011 3/94 1011 3194 1011 3/94 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See last page for footnotes. 
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Table 5-5. Metels and Cyanide i n  Soil Samples Collected During the Phese 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: GTFSB9 GTFSB9 LAIRMB1 LOSE1 LOSE1 LOSE2 LOSE2 LOSE3 

NJDEP Soil Cleanup Criterie l Depth: 0 2  0 8  0 2  0 4  0 8  0 4  - 0 8  0 2  

Zoneee: GTF GTF LO LO LO LO LO LO 

Analwe (mgkg) Residential Non-Residentiel 

Aluminum 

Antimony 

Arsenio 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Leed 

Megnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Venadium 

Zinc 

See last page for footnotes. 
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Tabla 5-5. Metals and Cyanide i n  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: LOSB4 LOSB4 LOSB8 LOSBS LOSBS LOSB10 LOSB10 LOSBl1 LOSBl2 

NJDEP Soil Cleanup Criteria Depth: 0 2  0 6  0 2  0 2  0 6  0 4  0 8  0 2  0 2  

Zone*.: LO LO SS LO LO LO LO LO LO 

Analyte (mgkg) Residential Non-Residential Data: 10124194 10124194 10124194 10125194 10125194 10128194 10128194 10125194 10125194 

Aluminum 

Antimony 

Arsenio 

Barium 

Beryllium 

Cadmium 

Calclum 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 1500 1 500 

Sea last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: LOSB12 LOSB13 LOSBl3FR LOSB13 LOSB14 LOSB15 LOSB16 LOSB17 

NJDEP Soil Cleanup Criteria Depth: 06 02  02  08 02  02  04  02  

Zone": LO LO LO LO LO LO LO LO 

Analyte (mgkg) Residential Non-Residential Date: 10125194 10131 194 10131 194 10131 194 10125194 10124194 10125194 10124194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Mangenese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Venadiurn 

Zinc 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

SampleID:LOSB18-02 LOSBl8 LOSB18FR MBSBO1 MBSBO2 MBSB03 MBSB03 MBSBO3FR 

NJDEP Soil Cleanup Criteria Depth: 0 2  08 08 02  02 06 10 10 

Zone*.: LO LO LO MB MB MB MB t h ~  
Analyte (mgkg) Residential Non-Residential Date: 10124194 10/24194 10124/94 10125194 10121 194 10125194 10125194 10125194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyenide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

5540J 

1.2UJ 

17.2 

63.1 

0.22J 

R 

1 51 OOJ 

29.9 

182J 

0.57U 

27000 

219J 

2270J 

' 193J 

0.51 

106J 

993J 

0.77U 

0.1 1 UJ 

3400 

0.68UJ 

35.5J 

107J 

2780J 

4.5J 

225J 
22.9J 

0.23J 

0.09UJ 

1 150J 

14.9 

2 4  1 OOJ 

0.72U 

20300 

675J - 
46 5J 

65.7 

0.22 

125J 

300J 

1.5 

5.1J 

325U 

0.86U 

18.2J 

298 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample1D:MDCSBOZ N2TFSB2 N2TFSB4 N2TFSB4 N2TFSB5 N2TFSB5 N3TFSB2 

NJDEP Soil Cleanup Criteria Depth: 0 3  0 2  0 2  0 6  0 2  . 0 6  0 2  
Zone*.: MDC N2TF N 2TF N2TF N 2TF N2TF AP 

Analyte (mgkg) Residential Non-Residential Date: 1011 1/94 1011 9/94 10128194 10128194 1011 9/94 1011 9/94 1011 9/94 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See last page for footnotes. 
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Table 5-5. Metals end Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

Semple ID: N3TFSB2 N3TFSB2FR N3TFSBl N3TFSB3 N3TFSB4 N3TFSB5 N3TFSB6 

NJDEP Soil Cleanup Criteria Depth: 06 06 02 02 02 08 02 

Zone": AP AP N3TF N3TF N3TF N3TF N3TF 

Analyte (mgkg) Residential Non-Residential Date: 1011 9194 10119194 1011 8194 1011 3194 1011 7194 1011 9194 1011 8194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Celcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thellium 

Venedium 

Zinc 

4830 

1.1J 

120J 
35.5J 

0.2U 

0.38U 

3220J 

6.5J 

70.5 

0.68U 

10900 

770J 
5010J 

71.8 

0.4 

64.5 

1 OOOJ 

0.91 UJ 

0.64U 

777U 

1.2UJ 

28.1 

103 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

SampleID:N3TFSB7 N3TFSB8 N3TFSB8 N3TFSB9 PNlSB2 PNlSBZ PSSB1 PSSBl 

NJOEP Soil Cleanup Criteria Depth: 02  02  06 02  0 4  08 02  06 
Zone*': N3TF N3TF N3TF N3TF PI  P 1 MB MB 

Analyte (mglkg) Residential Non-Residential Date: 1011 8194 1011 8194 1011 8/94 1 1102194 11 102194 1 1102194 10131 194 1013 1194 

Aluminum 

Antimony 

Arsenic 

Rarium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

' Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: SSB1 SSB3 SSB3 STFSB1 STFSBl STFSB2 

NJDEP Soil Cleanup Criteria Depth: 16 0 6  1 0  0 2  0 6  08 

Zones*: SS SS S S STF STF STF 

Analyte (mgkg) Residential Non-Residential Date: 10124194 10/24194 10124134 1 012 6/94 10128194 10126194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

See last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: FBNA1-100594 FBNA5-101994 FBNA6-102094 FBNA7-102594 

NJDEP Soil Cleanup Criteria Depth: 

Zone*.: 

Analyte (mglkg) Residential Non-Residential Date: 10105194 10/19/94 10120194 10125194 10126194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

- -  

See'last page for footnotes. 
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Table 5-5. Metals and Cyanide in  Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Sample ID: FBNA11-102794 FBNA13-102894 FBNAl4-102894 FBNA17-103194 

NJDEP Soil Cleanup Criteria ' Depth: 

Zone : 
Analyte (mgkg) Residential Non-Residentiel Date: 10127194 10/28/94 10128134 10131194 

Aluminum 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Calcium 

Cobalt 

Copper 

Cyanide 

Iron 

Lead 

Magnesium 

Manganese 

Mercury 

Nickel 

Potassium 

Selenium 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

Sea last page for footnotes. 
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Table 5-5. Metals and Cyanide in Soil Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

Anelyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criteria in milligrams per kilogram (mgkg) (equivalent to 

parts per million Ippml). 

Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North Carolina, using Contract Laboratory Program 

(CLP) protocols contained in the Statement of Work (SOW) ILM03. 

Sample results exceeding the NJDEP non-residential criteria are underlined. , 

Chromium results are reported separately i n  Table 5-6. 

FBNA Indicates a field blank associated with non-aqueous samples. 

POL Practical quantitation level. 

FR Field replicate of previous sample. 

U The compound was analyzed for, but not detected at the specific detection limit. 

J Estimated result. 

R Rejected result. 
-- No applicable criteria. 

NJDEP soil cleanup criteria, February 3, 1992; last revised February 3, 1994. 

Zones as defined In Table 3-2. 
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Table 5-6. Total and Hexavalent Chromium in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Total Hexavalent 
Chromium Chromium 

Sample Comparative Comparative 
Sample Depth Criteria of Criteria of 

Sample Location Zone* Date (ft bls) 10,000 mgkg 100 mglkg 10 mgkg 

3TFIRMB3 
3TFIRMB3 
3TFIRMB4 
3TFIRMB4 
AG'rFS B 1 
AGTFSBl 
AGTFSB2 
AGTFSB3 
AGTFSB3 
AG'rFSB4 
AGTFSB4 
AHTFSB1 
AHTFSBl 
AHTFSB2 
AH'rFSB2 
AHTFSB3 
AHTFSB3 
AHTFSB4 
AHTFSB4 
APSBl 
APSBI 
APSB2 
APSB2 
APSB3 
APSB4 
APSB4 
APSB5 
APSB5 
APSB6 
APSB6 
DTSBl 
DTSBl 
DTSB2 
DTSB2 
DTSB3 
DTSB3FR1 
DTSB3FR2 
EC2SB1 

N3TF 
N3TF 
N3TF 
N3TF 
AGTF 
AGTF 
AGTF 
AGTF 
AGTF 
AGTF 
AGTF 
AHTF 
AHTF 
AHTF 
AHTF 
AHTF 
AHTF 
AHTF 
AHTF 
AP 
AP - 

AP 
AP 
AP 
AP 
AP 
AP 
AP 
AP 
AP 
DT 
DT 
DT 
DT 
DT 
DT 
DT 
ECP 

See last page for footnotes. 

G:\APROJECT\EXXON\NJ0212.041\003\SOILCHRO.XLS 
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Table 5-6. Total and Hexavalent Chromium in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Total Hexavalent 
Chromium Chromium 

Sample Comparative Comparative 
Sample Depth Criteria of Criteria of 

Sample Location Zone* Date Ift bls) 10,000 mglkg 100 mglkg 1 0  m g k g  

EC2SB1 
ECIRMB1 
ECIRMB1 
ECIRMB3 
ECIRMB3 
ECPSBl 
ECPSB1 
ECPSB2 
ECPSB2 
ECPSB3 
ECPSB4 
ECPSB5 
ECPSB5 
EGTFSBl 
GFSBl 
GFSB1 
GTFlRMBl 
GTFIRMB1 
GTFIRMB2 
GTFIRMB2 
GTFIRMB3 
GTFIRMB3 
GTFIRMB4 
GTFIRMB4 
GTFIRMB5 
GTFIRMB5FR 
GTFIRMB5 
GTFIRM B6 
GTFIRMB6 
GTFIRMB7 
GTFIRMB7 
GTFIRMB8 
GTFIRMB8 
GTFIRMB9 
GTFIRMB9 
GTFSB1 
G'rFSB1 
GTFSB2 

ECP 
U 
U 
N3TF 
N3TF 
ECP 
ECP 
ECP 
ECP 
ECP 
ECP 
ECP 
ECP 
GTF 
STF 
STF 
GTF 
GTF 
GTF 
GTF 
GTF - 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 

See last page for footnotes. 
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Table 5-6. Total and Hexavalent Chromium in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Total Hexavalent 
Chromium Chromium 

Sample Comparative Comparative 
Sample Depth Criteria of Criteria of 

Sample Location Zone Date (ft blsl 10,000 mglkg 100 mglkg 1 0  m g k g  

GTFSB2 
GTFSB3 
GTFSB3 
GTFSB4 
GTFSB4 
GTFSB4FR 
GTFSB5 
GTFSB5 
G'rFSB6 
GTFSB6 
GTFSB7 
GTFSB7 
GTFSB8 
G'rFSB8 
GTFSB9 
GTFSB9 
LAlRMBl 
LAIRMB1 
LOSBl 
LOSBI 
LOSB2 
LOSB2 
LOSB3 
LOSB3 
LOSB4 
LOSB4 
LOSBS 
LOSB5 
LOSB6 
LOSB7 
LOSB8 
LOSB8 
LOSB9 
LOSB9 
LOSBlO 
LOSBlO 
LOSBl 1 
LOSBl 1 

GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
GTF 
LO 
LO 
LO 
LO 
LO - 

LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
SS 
SS 
LO 
LO 
LO 
LO 
LO 
LO 

See last page for footnotes. 

O:\APROJECT\EXXON\KK)212.041\003\SOILCHRO.XLS 

GERAGHTY 15' MILLER, INC. 



Page 4 of 6 

Table 5-6. Total and Hexavalent Chromium in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Total Hexavalent 
Chromium Chromium 

Sample Comparative Comparative 
Sample Depth Criteria of Criteria of 

Sample Location Zone* Date (ft bls) 10,000 m g k g  100 mglkg 10  mglkg 

LOSB12 
LOSB12 
LOSB13 
LOSB13-FR 
LOSB13 
LOSB14 
LOSB14 
LOSB15 
LOSB16 
LOSB16 
LOSB17 
LOSB18 
LOSB18 
LOSB18FR 
MBSBl 
MBSB1 
MBSB2 
MBSB2 
MBSB3 
MBSB3 
M BSB3FR 
MBSB4 
MBSB4 
MDCSB1 
MDCSB1 
MDCSB2 
N2TFSB1 
N2TFSB1 
N2TFSB1 
N2TFSB2 
N2TFS B2 
N2TFSB3 
N2TFSB3 
N2TFSB4 
N2TFS B4 
N2TFSB5 
N2TFSB5 
N2TFSB6 

LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
LO 
MB 
MB 
MB 
MB 
MB 
MB 
MB - 

MB 
MB 
MDC 
MDC 
MDC 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 
N2TF 

See last page for footnotes. 
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Table 5-6. Total and Hexavalent Chromium in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

; 

Total Hexavalent 
Chromium Chromium 

Sample Comparative Comparative 
Sample Depth Criteria of Criteria of 

Sample Location Zone* Date (ft bls) 10,000 mgkg 100 mg/kg 10 mgkg 

N2TFSB6 
N3TFSB1 
N3TFSB1 
N3TFSB2 
N3TFSB2 
N3TFSB2FR 
N3TFSB3 
N3TFSB3 
N3TFSB4 
N3TFSB4 
N3TFSB5 
N3TFSB5 
N3TFSB6 
N3TFSB6 
N3TFSB7 
N3TFSB7 
N3TFSB8 
N3TFSB8 
N3TFSB9 
PESTSB1 
PESTSB2 
PN 1 SB2 
PN 1 SB2 
PSSB1 
PSSBI 
SSB1 
SSB1 
SSB2 
SSB2 
SSB3 
SSB3 
SrFSB1 
STFSB1 
STFSB2 
STFSB2 
STFSB3 
T998SB1 
T998SB1 

N2TF 
N3TF 
N3TF 
AP 
AP 
AP 
N3TF 
N3TF 
N3TF 
N3'rF 
N3TF 
N3TF 
N3TF 
N3TF 
N3TF 
N3TF 
N3TF 
N3TF 
N3TF 
PEST 
PEST 
P 1 
P I  
MB 
MB 
SS 
SS 
SS 
SS 
SS 
SS 
STF 
STF 
STF 
STF 
STF 
U 
U 

See last page for footnotes. 
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Table 5-6. Total and Hexavalent Chromium in Soil Samples Collected During the Phase IA Remedial 
Investigation, Bayonne Plant, Bayonne, New Jersey. 

Total Hexavalent 
Chromium Chromium 

Sample Comparative Comparative 
Sample Depth Criteria of Criteria of 

Sample Location Zone* Date (ft bls) 10,000 mgkg 100 mglkg 10 mgkg 

Analyte concentrations and comparative criteria in milligrams per kilogram (mglkg) (equivalent to parts 
per million [ppml). 

Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, 
North Carolina, using Contract Laboratory Program (CLP) protocols contained in the Statement of Work 
(SOW) ILM03.0 for total chromium and New Jersey Modified USEPA 3060A/7196 for hexavalent chromium 

Some samples were analyzed for total chromium only and not for the remaining metals that constitute 
the target analyte list for metals. In these cases, the total chromium was analyzed using SW846 
Method 601 0. 

Exceedances of comparative criteria are shown in bold and are underlined. 

FBNA 
FR 
U 
J 
R 
- 
N A 
ft bls 

Indicates a field blank associated with a non-aqueous samples. 
Field replicate of previous sample. 
The compound was analyzed for, but not detected at the specified detection limit. 
Estimated result 
Rejected result 
Not applicable 
Not analyzed 
Feet below land surface 
Zones as defined in Table 3-2. 
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T.bla 6-7. Sumrnarv of Detected Conmrat iom of All Comtltwnh in Soil Samples Collected Duriw tb Phr .  IA Ramediai Invptbation, Bayonm Plant, Bayom. New Jeruy. 

Geomatric' Percent of Number of Smdea Number of Smmdea P e r m  of Sun* P e r m  of Sunp l r  
M~I'I~~M M e a  Maximum Number of Number of Sampiea with Exmedlng NJDEP Exmeding NJDEP Exmed~ng NJDW Exmedlng NJDEP 

Qumtlflabk QuanUR.ble Quantifiable Quantlfiable Samplea Quantlfiable NmReaidentld Impact to Grorndwater Non-kidentld Impact to G r o d w a t w  
Comitumnt Cmwntrltion Conwntrmtion Conwntratirm Conwntratiorm Analyzed Conwntrltiom Soil Crlteria Soil Criteria Soll Criterla Sdl Crlteria 

Totala for All Areaa 
(brmmkdowm for Indivldud u m a  fdlowl 

Vdatlk Oraanlc Cornwindm lwkd 

1.1.1 -Trlehlwwthmm 2800.00 2800.00 2800.00 1 108 1 0 0 0 0 
1 -But& 1700.00 363800.00 780000.00 3 108 3 0 0 0 0 
2-Butmom 2.00 22.13 82.00 24 108 22 0 0 0 0 
2+lunona 31.00 31.00 31.00 1 108 1 0 0 0 0 
2 - P r o p d  17.00 17.00 17.00 1 108 1 0 0 0 0 
4-hfathy~2-pntmom 7.00 60.76 180.00 4 108 4 0 0 0 0 
A a t o m  180.00 81 10.00 18000.00 3 108 3 0 0 0 0 
Barnmu 1.00 882.68 1 1000.00 18 108 18 0 2 0 2 
Carbon dlauWldr 2.00 4.76 1 1 .OO 4 108 4 0 0 0 0 
Chloroknrem 1 .OO 62818.24 880000.00 2 1 108 18 1 6 1 6 
Chlorotorrn 43.00 43.00 43.00 1 108 1 0 0 0 0 
Ethvlbemam 1 .OO 2222.68 38000.00 33 108 3 1 0 0 0 0 
Haxem 1.00 4880.4 1 120000.00 81 108 68 0 0 0 0 
Methyl-t-bWl @*r 10.00 10.00 10.00 1 108 1 0 0 0 0 
T e t r a d w w t h n  1 .OO 2.00 3.00 2 108 2 0 0 0 0 

T o l w m  1 .OO 733.27 1 1000.00 30 108 28 0 0 0 0 

X y k n n  frotall 1 .OO 3721.22 48000.00 48 108 43 0 4 0 4 

nRopylberumm 1 .OO 8868.20 130000.00 64 108 60 0 0 0 0 

prnlvdati la O n d o  ComDwndr luam 

1.2-Dlchlorobenram 
1.3-Dlchlaoberum 
1.4-Dlchlaobuuam 
2.4-Dlrnathylphd . 
2-Chloro~phthdem 
2-Marhylnaphthdam 
4-hldhvlpbnd 
4Nitrophnol 
Acsruphthm 
Awmphthybm 
A n t t u a ~  
B a z o l a l n t t v a u m  
B.mo(alpynm 
Bbnro(b)flucfanth.m 
Baruolg,h,i l~er~km 
Baruol~f lucfanthm 
Butyl benzyl phthdata 
Cnbuo l r  
CkrVu- 
Dl-n-butyl phthalate 
Di-n-octyl phthlate 
Dibrruola,hlmttu.c.m 
Diberuofurn 
F l u o r u ~ t h m  
Fluorene 
Indenoll.2.3-cdlpyrsn 
N-Nitrwodiphmylmimlll 
Naphthalam 
Pantachlorophd 

- 

S w  I r t  page for footnotw. 
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Tabla 6-7. S u n m m  of Dataetd Concentratlm of All Comtituemr In Soll Samplm Coilactsd Dur iw ths Phna 1A R m d l d  Invertlgation, Bayonns Plant, Bayonno, New Jamv. 

0.0mtrlc' Parunt of Number of Smphm Nunbm of Samplu Percent of Sunp ln  Pacent of S m p k .  
Minimum M a m  M u i m u m  Number of N m b m  of Sampln with E x M d i w  NJDEP Exceeding NJDEP E x d i w  NJDEP Exceedlw NJDEP 

Owncifiabk Oun\tlfl.bla Ouantifiebla Ountifi.bls Sunplea Ouantifiabls NonRddential Impact to Groundwater NonRscldvniJ imp& to Grwndwata 
C#*titwnt Conantratlon Concantratlw Concontraion Concantrat la  Arulyzd Commtratiorr Sd l  Crltaria Soil Crltarla Soil Crltala Sd l  Crirarla 

Totab for All Areas (continued) 

4,4:-DDD 
4,4'-DDE 
4.4'QDT 
M r i n  
&odor-1264 
&odor-1210 
Dkldrln 
Endwdfan I 
Endadfan II 
Endwdfan mdfata 
Endrln 
Endrin aldehyde 
~ n d r i n  k s t a  
HaptasNor opoxldo 
Mathoxychlw 
dphrBHC 
d p h r C h l o r d m  
b.tcBHC 
g m m c C h l w d ~  

Alumlnun 
Antimony 
k.enic 
B r i m  
Bery l l im 
Cadmlun 
Ca lc lm 
Chromium 
Cobalt 
c w w  
Cyanide 
Haxwdant  dxomiun  
Iron 
L e d  
M w n n I u m  
Mano.rru 
Mercvy  
Nickel 
Potassium 
Ssloniun 
SllveI 
Sodium 

See I u t  paee for footnotea. 
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T.M. 6-7. Swnmwy of Detected Conmntrationn of All Cofutltwnt. In Soil S m p l r  Collected D w l w  the P h r e  IA Remadid Inveatlgatlon, Bayonns Plant. Bayonne. New Jewy. 

Gamtr l c '  Permnt of Number of Sampl- Numkr of Sampla Percent d Smplea Percem of S m p l r  
Minimum M e w  Mulmwn Numbw d N u m b  of Semplea with Exceediw NJDEP Exceedlw NJDEP Exceediw NJDEP Exceedlq NJDEP 

Qumtifi.bb Quantlfiabb Quantifiable Qu~tif imble Smplea Quwtifiable No~RmMentld Impact to Groydwrcar NowReaidsntld Impact to Grwndwatu 
Coratltunt Conmntratlon Concentration Conmntralion Conmntratlonn Analyzed Comntratlonn Soil Criterla Soil Crltarla Soil Crltula soil crnmri. 

Totak for All Areas (continued) 

T M l i u n  
V d l u n  
Zinc. 

"A:-Hill Tank Area 

2-B~t- 
Ethylbenzene 
H e x m  
X y b n r  (Totdl 
rrPropylbuoenr 

I w r a m i a  (malkp) 

Aluminum 3730.00 8710.00 4 4 100 0 0 0 0 

Antimony 0.41 2.70 3 4 76 0 0 0 0 

Arunic 8 .OO 88.80 4 4 100 2 0 60 0 

Barlum 32.80 86.80 4 4 100 0 0 0 0 

Beryllium 0.21 0.42 4 4 100 0 0 0 0 

C d m i u n  0.12 0.12 1 4 26 0 0 0 0 

Cdclum 488.00 1460.00 4 4 100 0 0 0 0 

Chromium 0.00 47.00 8 8 0 0 0 0 

Cobalt 4.m 8.60 4 4 100 0 0 0 0 

COPW 80.10 446.00 4 4 100 0 0 0 0 

Hexavdent chromium 7.60 1 6.00 2 8 33 1 1 17 17 

M W M g .  64.60 84.30 4 4 100 0 0 0 0 

Mercwy 0.12 0.76 3 4 76 0 0 0 0 
Nlckel 13.70 64.20 4 4 100 0 0 0 0 
Iron 13800.00 23400.00 4 4 100 0 0 0 0 

L e d  83.80 612.00 4 4 100 0 0 0 0 
Mqmaium 784.00 1860.00 4 4 100 0 0 0 0 
~ o t e w l u m  640.00 1 1 10.00 4 4 100 0 0 0 0 

See l a t  page for footnotes. 
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T8ble 6-7. Sunman of Detected Cmmratlonm of All Comituanm in Soil Samples Collected During t h  P h m  IA Remedial Investigation, 8 a y o m  Plant. Bayom, Naw Jaruy. 

~ e o m t r l c '  Pmrwnt of Nmber of Samples Number of Smples Perwnf of Sampbr P e r m  of Samples 
Mlnlmun Mem Maximum Nmber of Number of Swnples with Excadlng NJDEP Excading NJDEP Exuding NJDEP Exudlng NJDEP 

Owi f i .b le  Qwntlliabb Quantifiable Owntlllable Samples Quantlfi.ble NonResldentld Impact to Groundwmer NwrResldentid Impact to Qroundwmu 
C o n r t l M  Cornemration Conunfratlon Conwntrmlon Conmmrationm Analyzed Conwntration. Soil Ctlterla Sdl Crlterle Soil Crkarla Soil Crltarla 

"A"-Hill Tank Area (continued) 

W n l u n  
V m d i u m  
Zln: 

1 .oo 1 4 
26.20 4 4 

224.00 4 ,  4 

Lube Oil k e a  

Volatile Omenlc Compouda luqw 
I -Butand 
2-But- 
2Hexmone 
4-Methyl.2-pent.non 
Cubon diaulfidm 
CHoroknreno 
Ethylberueno 
Hexw* 
Tatrachlwmthnm 
TdlMno 
X y k n a  mot.11 
mPropylbonzm 

See lest pngm tor tootnoter. 
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Tabk 6-7. S u n m w  of Detectmi Concanbmlon of All Comltrwnt~ In Soil Samples Collected During ths P h m  IA Rsmedial Inv~tlgation. 8byoms Plant, Bayom. New Jsnsy. 

Osomstrlc' Psront of Nun& of Swnplr  Number of Sbmp*. Parwnt of Swnp*. Percant of S m p l r  
Mlnimun M s m  Maximun Number of Numb of Swnplea with Excwding NJDEP Excwdlng NJDEP Exwading NJDEP Exwading NJDEP 

Quantifiable Quantiflabls Quantifiable Quantifiable S m p k  Qumtiflabls NwrReaidsntld Impact to Orovdwstar NwrRaYantid Impact to Orourdwmsr 
Cor r t l tun t  Cmerntratlon Concantration Commtratlon Conwntrmlon Andvzed Conwntratim Soli Criteria Soil Criterla soit criteria Sol1 Crihrla 

Lube Oil Area (continued) 

P-tidduwPCBa Iwlkpl lcontinuedl 

W r i n  
Dieldrin 
Endrln ddehydr 
Endrln katorw 
Haptuhlor spoxlda 
Msthoxychlor 
dpho-Chlordm 
gwnmrCh lo rdm 

AlumiNrn 
Antimony 
M c  
B r l u n  
Berylllun 
C o d d u n  
C d d u n  
Chrmnlun 
Cob& 
C0pp.r 
C y d e  
Hmxwdont chromium 
Iron 
L b d  
M l g n w i v n  
M.nQ.nae 
Msrcuy 
Nieksl 
Potaaiun 
Salaniun 
Silvar 
S 0 d i ~  
ThJl ivn 
V d l u n  
Zlnc 

Pier No. 1 Area 

2-Butanorw 
2-Propanol 
Hexme 
T o l w w  
Xylana frotail 
mPropylberosw 

Sse I r t  page for footnoteI. 
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T d e  6-7. S u n m w  of Datectod Conuntratiorr of All Cowtltuonb in Soil S a m p h  Collactod During t h  P h r s  IA Remedial Investigation, Bayonne Plant, Bayonne, New Jwuy .  

Qemetrlc' Percent of N u m b r  of Samples Numbor of Sunplea Parant of Smplea Perom of S m p b  
Minlmun Mean Mu imum Number of Number of Samplea with Excedlng NJDEP Exceding NJDEP E x o d i n g  NJDEP E x d i n g  NJDEP 

Ouantifiabla Ouantlfiabb Ourntiflable Quwtifiabb Samplea Ouantifiable Norrfleaidamid Impact to Groudwat r  NonAsddontid Impact to  Groudwatu 
Concsntr ion Conwntration Conontr.tion Concsntratiorr Analwod Concsntratiorr Soil Criteria Sdl  Cr i tn i l  Sd l  Criteria Sol1 Criteria 

Pier No. 1 Area (continued) 

Alunlnun 
M e  
Bulum 
Borylliun 
C d m i u n  
Calcium 
C h r m i u n  
CObdt 
C o p w  
Cy add* 
Iron 
L e d  
Mwms lum 
M u g a n w e  
Mercury 
Nickel 
P o t m l m l  
Seleniun 
Silver 
V a n d i u n  
Zinc 

See Im p w e  for footnotea. 
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Page 7 of 22 

T.bk 6-7. S M m w  of Detected Conerntrdotr of All Cowti tunh in Sdl Smplw Collected Durim the P h r e  IA Remedl4 invwtigation, B a y o m  Plant. B y o m ,  New Jarny. 

~eometrlc' Parcent of Number of Sampk Number of Sarnplw P e r m  of Smplw Parunt of S m p k r  
Minlmun Mem Maximum Number of Number of Samplw wlth Exceedlw NJDEP E x W l n g  NJDEP Exceeding NJDEP E x d i n g  NJDEP 

Qumt1fl.Me Qumtili.bla Qwntlfiabk QuantifiaMa Samplw Qwtifiable Not-Raidentld Impact to Qrwndwatw NorrRaidrntlJ Impaa to Grovdwatar 
Concentration Conwntratlon Concentration Conwntratiom Analyzed Conwntratlom Soil Criteria Soil Criteria Sdl Criteria Soil Critrla 

No. 2 Tank Field 

-- - 

4.4'QDE 
4.4'-DDT 
Aldrln 
Endwulfm aulf8ta 
Methoxychlof 
e lpbchlordu* 
bet*BHC 

Inorpanla (molkpl 

Alminurn 
Antimony 
Arnnic 
Barium 
Beryllium 
Cedmium 
Celclum 
Chromium 
Cobalt 
Copmr 
Cyanide 
Haxrvdurt chromium 
Iron 
L e d  

Sea la page for footnotea. 
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Page 8 of 22 

Tabla 6-7. S m m w  of Detected Con-ntratlon of All Coiwtitwnu in Soil Sampler Collscted D u i w  tha P h m  IA Ramedid Invmigatlon. Bwonne Plmt, Bayonne. New Jermy, 

Geomatric' Percent of Number of Samples N m b r  of Samples P w m t  of S m p k .  Puwnt of Samples 
Mlnlmum , M e w  Maximum Nmber of N u m k  of Sam* with Excudiw NJDEP Excudlw NJDEP Excudiw NJDEP Excudiw NJDEP 

Qumclfimble Quantifiable Qumifiabb Quantifiable Samples Quantifiabb Non-Residential Impact to Qrwndwetec NorrReldentld Impact to Qrwndwatu 
Corutitlwnt Conantration Conmntration Comntrrt lon Concentration Arulyzed Concsntratlon Soil Crlterla Soil Crlterla Soil Criteria Soil Criteria 

NO. 2 Tank Field (continued) 

Aaphalt Plant Area 

Volatila Oraanlc Comwunda 1 w w  

1,l.l-Trlchloromthane 
2%ut- 
B . ruaa  
Chlorobemene 
Ethylberuam 
Hexww 
T o l w m  
Xy lenr  ITotdl 
nPropylbrun* 

Samlvolatile Oraanlc Com~ounda lralkpl 

1.4-Dlchlorobomene 
2-Mathylnaphttulene 
Acuuphnmne 
Anthracane 
Buuolalmthraum 
Benzolmlpyrane 
Bmnzo(b1fluormthane 
Banzo(~,h,il#rylene 
Bmnzolklfluoranthane 
Chrymm 
Dib.ruo(a,hlanthracsne 
Diberuofuran 
Fluormtham 
Fiuoraa 
Indam(l.2.3-sdlpyrene 
Nbphthal.6 
Pantmchloropbnoi 
Pbnmttvene 
Pyreno 
blel2-Ethylhaxyllphthriata 

SU Iat page for footnotes. 

GERAGHTY 63 MILLER, INC. 0 



Page B of 2 2  

Tabk 6-7. Sunmaw of Detected Concentratlorn of All Comtltuenta In Soil Semplu Collected D w i w  the Phew IA Remedial Inve.tbation. Bayonno Plmt, Bayom.  New Jerlsy. 

Geometric' Percent of Number of Sample. Number of Smple.  Pwwnt of Sunpk.  P n w n t  of Sunplea 
MlrJmun M e n  M u l m m  Number of Number of Sample. with Excadiw NJDEP Excad lw  NJDEP E x d i w  NJDEP E x d l n ( l  NJOEP 

Clumtlllabh Cluantifiable Clumtlllable Cluontifl.ble Sample. Clumntillable NohRealdentiml impact to Groundwatn NmRe.ldentld Impact to O r o v d w n n  
Conwntretlon , conwntr.tla Conwntrnion Conwntrnlom Analwed Conwntration Sdl  Criteria Sdl  Criterla Sd l  Criteria Sdl  Critwla 

Asphalt Plant Area (continued) 

4.4'-0DD 
4.4'QDE 
4.4'-DDT 
&odor-1264 
&odor-1 200 
Dhldrln 
Endaul fm I1 
Endrln .Idehyde 
Endrln kotono 
Methoxychlor 
d p b C h l o r d m  
gwnm,Chlordm 

Alumlnvn 
Antimony 
A r w d c  
B u i u n  
Berylllun 
Cadmium 
Cdc lun  
Chromlum 
Cob& 
coprur  
Hexevdant chromium 
Iron 
L e d  
M w r m l u m  
M.ng.rwu 
Mercury 
Nlckd 
Po t r *vn  
Ssledun 
Sllver 
Sodiun 
vend1um 
Z l m  

AV-Gar Tank Fbld 

Volnlle Ornanlc Compouda (whd 

1 -8utanol 280000.00 280000.00 1 0 17 0 0 0 0 

Beruem 4.00 12.00 2 0 33 0 0 0 0 

Ethylbemeno 1 .OO 100.00 2 8 33 0 0 0 0 

Hex- 2.00 28.00 3 6 60 0 0 0 0 

Tolua* 2.00 0.00 2 6 33 0 0 0 0 

X y l e M  ITotalI 2.00 78.00 2 8 33 0 0 0 0 

mPropylbenzeno 720.00 13000.00 2 8 33 0 0 0 0 

Sse I n t  page for footnote.. 
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Tab& 6-7. Sunmuy of Datectd Comnt rdoru  of All Comtitusms In Soll S m p k  Collected During the Phase IA Remedial Investigation, Bayonm Plant, Bwonne. New Jerwv. 

Geometric' Percent of Numkr of Sampla N u n k r  of S m d u  P n m m  of S m p k  P n d  of S m p k .  
Mlnimun Mom Mutimum N m k r  ot Number of SunPIu wlth E x d i n g  NJDEP Examding NJDEP Examding NJDEP Examding NJDEP 

Ourmlfiabla Oumtifimbk Ountlfimble Ountifiabie S m p k  Oumtiflabb NmRuidentiJ Impact to Qrwndwater No~RrtdenUrl  Impact to Qroudwatn 
Corrtitwnt Concantration Concantration Concornraion Coneenhatlorm Analyzed Conuntratlorm Soil Ciiterla soil cmnla Soil Critnia Soil Criteria 

AV-Om Tank Field (continued) 

Semlvoiatib Ommie Compounds lupnc(l[ 

2 - C h l o r o n ~ h  
2-MethylngMhdam 
A m w h t h r n  
Anthramrm 
&mo(alarnhr.cen 
Benro(a)pyrenn 
Bamo(blfluormlhm 
&mo(g,h,llp.rylv* 
Benzolklfluormherm 
chrvwm 
Dl -mbwl  phthrlate 
D ibwo la .h lmthr~sr*  
D l b w o f u n  
Fluornnh.rm 
f luoren  
Indeno(l.2.3-cdlpyrem 
Ph.nmuuam 
PVr- 

Pat iddaPCBs lwlkpl  

4.4'QDE 
4.4'-DDT 
Aldrtn 
Endwultan I 
EnlrJn aldehyd. 
Endrin k e t w  
Methoxychlor 
olphcCMordm 
gammcCNordan 

Alwninum 
Antimony 
A r W c  
B u i u n  
Baryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
C w w r  
Hexavalent c h o m i m  
Iron 
Leed 
M q m i u m  
Mang- 
Mercury 
Nickel 
Pot r r ium 

See I a t  page tor footnot-. 

GERAGHTY & MILLER, INC. 0 



Page 11 o f  22 

T.Ma 6-7. SumfWY of Datacted C o n m m d o m  of All Car t i twn t .  in  Soil Samplw Cdlected Dur lw the Phne IA Remedld Invertioatlon, Bayonno Plant, 8ayonno. New Jerrsy, 

Geometric' Percent of N u m k r  of Sunder Numkr  of S m p k  Perwm of Sunpla Pumnt  of S a m p k  
Minlmun Mean Maximun N u m k r  of N u n k r  of S m p i w  with Exceediw NJDEP Excadlw NJDEP Exsesdiw NJDEP E x d i m  NJDEP 

Qunt l l i .bk Qumtlfiable Quantili8ble Quantifiable Sunplw Ouantilimble NorrRwident1.l Impmet to Groundwater N o r r R w h d d  Impmet to GroundwMer 
C o m t i t u m  CommMratlon Conmntretion ConssntrMion Coffientratlon Analyzed Coneemretion Soil Criteria Soll Criterie Soil Criteria Soil Criteria 

AV-Gas Tank Field (continuedl 

Sel*nlun 
Silvar 
Thd l lun  
V d i u m  
Z i m  

Exxon Chamlcala Plant 

Vdatile Oramic Comwu-da lwlhpl 

1 ,2-Dichlor0knr*ne 
I.3-DIehlwoknrene 
1.4-Dlchlwobuuem 
2-MathylruphthJene 
Bamolalwnhracene 
Bsroolelpyrane 
Baruo~blf luormthme 
Banrol~,h.il#rykne 
B*roolk)(hrormthne 
C h r y w m  
D i k r u o ( a . h l ~ t h r a w m  
F luo rn thne  
Fluwane 
Indsno(l.2.3-cdlpyreno 
Naphthalene 
Pharanthrane 
Pyrena 

PertlcldwlPCBs ( w w  

4.4'-DDE 
Aldrln 
Endad fan  I 
Endrin ketom 
Memoxychlw 
alpha-Chlwdra 
~NnrneCh lo rdns  

Soa I r t  p q a  f w  footmtw. 
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Table 6-7. Sunm.ry of Detected Cwsntratlom of All Cormtltosnm In Soll Sunplea Collected During the P h r e  IA Remedial Invwtlgatlon, Bayarm Plmt, 8ayonm. New Jensy. 

Gsametrle' Parcent 01 Number of Samplw Number 01 S u n W  Percent 01 Sam* P e r m  01 Samplee 
Minimum Mean Mulmum Number 01 Number 01 Samplw with Excwdlng NJDEP t c d l n g  NJDEP Excwdlq NJDEP Excwdlq NJDEP 

Quantlllabla Qumtllieble Qumtiliable Qwntlllable Sunplea Qumtiliable NorrRwMentiJ Impr* to Groudwmu Non-FbmidsntlJ l m p m  to G r n d w n e r  
Carcentration Concantratlm Concentration Conmntratlom Analyzed Concentratlw Soil Crlterla Soil Crlterla Soil Criterle Sdl Crltule 

Exxon Chemicals Plant (continued) 

I n o r a ~ i a  imanpl 

Alunlnum 
h t l m o n  y 
Arwnle 
Bvlum 
Berylllwn 
Cdmlum 
Calcium 
Chromim 
Cobalt 
Copper 
Cyanide 
Hexavalsnt chrornlum 
Iron 
L e d  
M . g m l u n  
M a n g m u  
Mercury 
Nickel 
Pot...lvn 
Selenium 
Sllvar 
Sodlum 
ThJllun 
V m d i u m  
zinc 

No. 3 Tank Field 

Volatile Oraanle Compouda i w w  

1 -Butand 
2-Butanom 
Acetom 
B e m m  
Carbar dmullide 
Chlorobanzm 
Ethylbenzem 
Haxam 
Tolwrn 
X y l e m  ITotall 
rrPropylbemene 

S.mivoletlle Oraanie Compouwh 

I,?-DieMorobemens 
1 -3-DleMorobemene 
1.4-DleMorobemens 
2-Methylnaphthalens 
Acenaphthem 

GERAGHTY & MILLER, INC. 



T&lr 6-7. Sunmuy  of Detected ConuntrMlw* 01 All Comtltuont. In Soil S a m p k  Colhcted During the Phma iA Remodld Iriveetbation. Bayonm Plant. Bayonm. New J e ~ y .  

Geometric' Percent 01 Nunbor of S m p l w  N u n k  of Samplw Parmm 01 S m p l w  Perwnt 01 Swnpk. 
Minimum MOM Maximum Numbar 01 N u m k  01 S m p l w  with Excseding NJDEP E x d i n g  NJDEP E x d i n g  NJDEP Excrding NJDEP 

Qu.ntillable Oumtlli.ble Quantlflabb Qumtiliable S a p k .  Quantillabh NwrRw1demi.l Impact to Grndwate r  NonRwlda t ld  Impact to Groundwnu 
C w r t l t w n t  ConmnwMlon Conmntretiw Conwntrnion ConcentrMlom Anelpod Conwntretlom Soil Criteria Soil Criteria Soil Crituia Sdl Criteria 

No. 3 Tank Field (continued) 

PuticldalPCBm lw/L4j 

4,4'QDD 
4.4'QDE 
4,4'-DDT 
Aldrln 
Dhldrln 
Endfin 
Endrin aldehyde 
Endfln ketone 
Mathoxychlw 
dphm-BHC 
d*Chlordw 
b.teBHC 
gmmcCh lo rdam 

Inwaania (mallrpl 

Aluminum 
Antimony 
Ansnle 
B w i m  
Baryllium 
Calcium 
Chromiun 
Cobalt 

C0pp.r 
Haxavdent chromlum 
iron 
L a d  
Megnwlum 
M.ng.nW4 

- - - 

Sss { a t  p#e for lootnotee. 
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T.bk 6-7. Smm.ry of Datected Concantratiwr of All C # * t h w n  in Soil Svnple. Collected Durlrq tho Phaa IA Remedid Inveqtigi0.tion. Beyonn PlaM, Bayonn. New Jemy. 

Oeometric' Pnwnt of Nmber of Sampla N m k r  of S m p l a  Perant of Smnpla Perunt of Sun* 
Minlmun Mean Maximum Number of Number of Smnpla with Exuedirq NJDEP Exuedirq NJDEP Exusdlrq NJDEP Exwodlrq NJDEP 

Qunt1fi.M. Qumtlfiable Qwntlflable Quantlfiabk Sampla Qumtiflable NomRaidentlal impact to O r o d w i 0 . t ~  NorrRaldentlai Imp.* to Oroudwnu 
Comtltwnt Concmtr.(lm C-tratlon C ~ M r a t i o n  Concantration Andyred Conmntratiom Soil Criteria Soil Crlterla Soil Criteria Sol1 Criteria 

No. 3 Tank Field (continuad) 

Mercury 
N idu l  
Potrr lum 
Sdenlrm 
Silver 
Sodiun 
Thdllum 
Vendiwn 
zinc 

Ganaral Tank Fial'd 

Volatile Oraanic Com~wnda iwh& 

2 - ~ m m o m  
4-Methyl-2.psnt- 
A u t o n  
B e w a n  
Worobenzen 
Chloroform 
Ethylbew.rr 
Hexww 
Tetrachlorwthem 
T d u n .  
X y k n r  Votd) 
n-Propy1bewen 

pmivdatila Orpanic Compoud. [wllc& 

2-Methy1ruphthJ.n 
4-Nitrophmd 
Aun.phthuu 
Anthraun 
8ewo(a).nthrawm 
8amoIa)pyram 
8ewolbl f lwrmthen 
Benroig.h,i)p.rvkn 
&wolkl f lwrmthen 
Bay1 bewyl pkhdmte 
Cubuole 
Chr*.ene 
DCn-butyl phthdate 
Dibomola.hlanth.csne 
Dlbowofum 
Fluwanthsn 
Fluoren 
Indenoil 2.3-cdlpynm 
N - N l t r ~ o d I p h . ~ y l ~ l ~  1 I 

See last Dqe for footnotsr. 
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T.ble 6-7. SLwnmry of Detactnd Comntratlorr of All ~onatlt&nts In Soil Sampls. Collactd Dwlng the P h r e  IA Ramdial Invwtlgation, Bayonna Plant, 8 a y ~ n e .  New Jarmy. 

~aomatrlc' Parcant of Number of Samplw Number of Sam* Puwnt of S m p k .  Parant of Smplw 
Mlnlmum Mam Muimum Number of Number of Samplw with Exmading NJDEP E x W i n g  NJDEP Exmading NJDEP Exadlng NJDEP 

Owntifiab+e Owi l lab le  Ouantillabla Ouantlfide Samplaa Oruntifiabla NorrRwMmtlal Impact to Grovdwatn NwrRaMemial Impact to Qrandwmu 
Conat l tun~ C-tratlon Coneantration Concantratlon Concantratiwrr Analvrd Concentratio- Soil Criteria Soil Critnia Soil Criterla Sdl  Crltarla 

Oenersl Tank Field (continued) 

Samlvdatila Oraanlc Compwnd. l w w  (continued) 

N.phth.lm 46.00 
PMtuhlffoph.nol 0.00 
P h M n t h r u N  68.00 
Pyrarr 64.00 
blal2-Ethylhxyl)phthalatw 1 20.00 

PwticMwlPCBw Iwlkpl 

4.4'-DDD 
4.4'-DDE 
4,4'-DDT 
Afdrin 
Dkldrln 
Endowl in I 
Endrln 
Endrln aldahyde 
Endrln ka ton  
Haptachla epoxlda 
MahoxycNw 
aIphrChlffduu 
gunmcChl f fdm 

I n f f o d a  Imahal 

AJunlnun 
Antlmonv 
Arnnlc 
Bariun 
Barylliun 
C d m l m  
C d d v n  
Chromiun 
Cobalt 
Coppsr 
Cyanide 
Hexavalent ctromium 
Iron 
L e d  
M.gfbsslun 
M m l -  
Msrcuy 
Nldcd 
P o t r r l m  
Selanlum 
Sliver 
Sodium 
Vmdlurn  
Zlne 

- 

Saa laat p.ga fff footnotw. 
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Tabla 6-7. Sunmry  of Datectd Concantratlor* of All Comittmnt. In Sdl Sampla Collectd During t h  Phra  IA Ramdial Invwtigation, Bayoms Plmt, B w m .  Nmw Jerrsy. 

& m t r i c l  Perwrit of Nunber of S m p b  Number of Sam* Puam of Setnpla Porcwnt of S m d a  
Mlnlmun Mam Mulmum Nunbar of Number of S m p l w  with E x d l n g  NJDEP E x d i n g  NJDEP Exeudlng NJDW E x d i n g  NJDEP 

0umtlti.ble Oumtiflable O u M t i t l ~ l a  Ouantitiable Sam* Ouantitiabis NmRraldm1.l Impact to G r o d w n u  NmR.Jda(lJ Impact to G r o d w a t a  
C o r r t i m  Comsntrotlon Concantration Concmtratlon Conesntrnior* Arulyzd Concentratlor* Sdl Criteria Soil Criteria Sdl Crlterlm Soil Criteria 

Solvent Tank Field 

PnticldalPC88 l w m  

4.4'-DDD 
4.4'-DDT 
Endaulfan I 
Endaultm d t o t a  
Endrln 
Endrin dahyde 
Endrin b t a w  
alphe Chlordm 

Alumlmm 
Amlmonv 
h d c  
Bariun 
Baryllium 
Cdmium 
CJciurn 
Ctuomlum 
Cobalt 
Copper 

Sea last pago t w  tootnotw. 
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T&ls 6-7. Summary of Detected Concentratlorn of All Comtitwnta In Soll Samplw Collected During tho Phew IA Remadial Inv&laation, B a y o m  Plant, Bayonne, New Jarmay. 

Oeometrlc' Percent of Nunber of Samplw Number of Swnplr Paeent of Swnplr Percent of S m p l r  
Midmum Mean Maximum Number of Number of Swnplw with Excbdlng NJDEP Excading NJDEP Exeedlng NJDEP Exoding NJDEP 

Qumtifi.ble Quantifiabls QwntHlkb Quantifiable Samplw Quuniflabb NowRwidential Impact to Orovdwata NowRwidwniJ Impact to Oroudwata 
C w n m n l o n  Conwntratlon Conurnration Conesntratia* Analyzed Concentratim Soll Critaie Sdl Criteria Soil Critala Soil Crlterll 

Solvent Tank Rdd (continued) 

Iron 
L a d  
M.gmium 
M w -  
Mercury 
Nick.1 
Potanium 
Selurlun 
Silver 
Scdium 
V n d l u m  
Bne 

Piers and East Side Treatment Plant Area 

Domertic Trade Area 

~ e a t i c i d w k ~ ~ a  Iuakpl 

4.4'-DDD 
Endrln ketone 
gemma-Chlordane 

Aluminum 
Antimony 
Awnic  
Barium 
Beryllium 
Cdmlum 
Calcium 
Chrmium 
Cobalt 

Seb I r t  page for footnotw. 
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Teble 6-7. Summary d Detected CgnantraUom of All Comtitwntr In Soil S m p l w  Collected During the Phwe IA Remdld Invertlaetlon, Bayar* Plant. Beyonm, New Jermy. 

Geomsnlc' Perwnt of N w n k r  of S m p l w  N w n k r  of Sarnpk. Percent of Sarnplr Perant d S m p k .  
Mlnirnum M e m  Mexlrnurn N w k r  of N m k r  of Smplw with Exceadiw NJDEP E x d i m  NJDW Exswdim NJDEP Exswdlm NJDW 

Ouwtifiable Ourntlfiable OUentlflable Oumtifieble Smnplw Owntlfiebk NowRwidentiel I rnpM to Oroundwner N o w f b ~ l d W i d  I rnpm to Grwndwner 
ConCmtrnlon ConantraUon Conwntrnlon Conmntratlom Andwed Conwntrniom Soil Criteria Sdl Crlterla Soil Crltule Sdl Criteria 

Domestic Trade Area (continued) 

Jnoramla (rnancpl lcontlnwdl 

C O P  
Iron 
L e d  
M q n d u m  
M.ng- 
Msrcvy 
NIcheI 
Pot-iurn 
Ssleniwn 
Silver 
Sodlum 
V m d l u n  

Z1I.K .. 

Utilities Area 

4.4'-DDD 
4.4'-ODE 
4,4'-DDT 
Dleldrln 
Methoxychlor 

Alwnlnurn 
Alurric 
Barlmn 
Berylllurn 
Celclwn 
Chrornlurn 
Cobalt 
COPPI 
Iron 
L e d  
Magmlum 
M e w w a r  
Nlckel 
Venediurn 
Zlne 
-- - - 

Soe I a t  page for footnot-. 
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T.b* 6-7. Slmmwy of Datectd Conesmretiom of All Corrt i tusnh in Soil Sundea Collectad Owing the Phas  IA Remdiel Invcuti0etion. Bayonno Plnn. Beyonno, New Jerny. 

Qeomstricl Perwm of Number of Sample. N u n k r  of S m d w  Parcent of Snnpk.  P w w m  of Sunplw 
Mldrnun Mean M u i m u n  Number of Number of Srmplw with Exceeding NJDEP Excrdlng NJDEP Excrding NJDEP Excrdlng NJDEP 

Qumtlfi.ble Ountif i lble QuMtililble 0wmifi.ble Samplea Ouentlfiabie NowResidentld Impact to  Qrovdwatw NwrResidmld Impact to Qroundwatar 
Cmmti tunt  C w m t r a t l o n  ConwntrYim Concamration Conwntratiorr Analyzd Conwmratlorr Soil Criterle Sol1 Crltaie Soil Critarle Sdl  Critwia 

Main Building Area 

B e m o m  
Carbon d M f k  
chlorobms.ns 
E t h y l k m m  
Hexuw 
Tdune 
x y m w  rr0t.I) 
n-Propylkmm 

A lvn invn  
Antimony 
A m d c  
B w l m  
Beryllium 
Cadmium 
C Jc ium 
Chromlvn 
Cobalt 
coppsr 
Hexavalent chromium 
Iron 
L e d  
M l g n r l u n  
M m -  
M w c u y  
Nickel 

Sso I n t  page f w  footnota. 
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T W  6-7. S w m w  of Detected Concmtratlon. of All Comtitwntr in Soil Samplsl Collected Durlnq the P h w  IA Remedial Investlgatlon, Bayonno Plat, Bay-, New Jerwy. 

Qeometrlc' Per-nt of Number of Samplm Number of Sunples Perum of Smplw Porunt of Samplw 
Midmum Mem Maximum Number of Number of Samplw with Excobding NJDEP E x d i n g  NJDEP E x d i n g  NJDEP Extxeding NJDEP 

Oumti f tde Owntlfiabk Oumtlfiobb Ouatiflabb Samples Oum'tiabk NonRwidential Impact to Groundwater NowRwMemiJ Impact to Groundwatu 
Conmntmlon Concentration Concentralfon Concentratiom Analyzed Conontratlon. Soil Criteria Soll Criteria Soil Criterl~ Soil Criteria 

Main build in^ Area (continued) 

Stockpile Area 

Z - B ~ t w m  8.00 
chlorokruem 1 .oo 
H a x r r  6.00 
Mathyl-t-butyl ether 10.00 
Xylan.. (TotJt 2.00 
rrPropylboruem 1 .OO 

Semivolatile O r a d c  Compound8 I u a M  

2 - M a l ~ l r u p h t h J m  
Aun.phcher* 
A w r u p h t h y l a  
Anchr.ar* 
Bemolalmthracm 
Bemolalpyrem 
Ba~o lb l f luormhem 
Benzo~g,h,Ilp.rykm 
Beruol~tluormthem 
Carbud. 
Chrywm 
Dibemola,h)u)thrrwm 
Diberoofurm 
Fluoronthem 
Fluoram 
Indeno(l.2.3-odlpyr.no 
NaphthJem 
Phennthrem 
P y r a  

PesticideIPCSm (wikpl 

Dbldrln 
Endrin 
Endrin ddehyde 
Endrin &tom 
Heptachlor epoxlde 
Methoxychlor 

- 

Sea I w t  page for footnotes. 
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Tabk 6.7. SUmmvy of Dotactad Comrnhat lwr  of All Colrtltuenm In Soil Samplw Collected D u i w  t h  Phaw IA Remedial Invoatbation. Bayoms Plant. Bayonm, New Jensy. 

Oeometric' Percent of Number of Sampla Nunber of S m p k r  Perwnt of Swrnplm Porcan of S m p k r  
Mlnlmun M e m  M u l m u n  Number of Number o f '  Sampla with E x ~ i w  NJDEP Excud lw  NJDEP E x o d l w  NJDEP Excudlw NJDEP 

Qumtifiwble Ouwntifiwble Ouwntifiwble Quantifiable Samplw Qumtlflwble NowRaidantiJ Impact to Grwndwmar NowRaldamlJ Impact to Groundwma 
C o m l t w n t  Conmntr.tlon Concatrwtlon Cmmntrmion Concentratiom Analyzed Cmmntratiom Soil Criteria Soil Crltaia Sol1 Crltarla Sdl  Criteria 

Stockpile Area (continued) 

l n o m d a  lma/kpl 

Uunlnun 
Anthony  
Arwnlc 
Barium 
Bevylllun 
C d m l u m  
Calclun 
Chromlun 
CobJt  
Coppa 
C v d d o  
Iron 
L e d  
M q n a l u m  
M n g -  
MWCW 
N l c b l  
Pot...lum 
S w l d u n  
Sllvar 
Sodium 
Vwud iun  
ZIK 

MDC Building Area 

Volatile Omanlc Compound8 Iw/kpl 

Ethylberuem 
Hexaw 
T o l w m  
x y b w  motall 

~ m l v d a t i l e  Oraanic Com~ounda tw/kpl 

Beruola)anthracam 
Beruolalpyrem 
Bemo(blfluoranthsm 
Bomotklfluorantlmm 
cw- 
Dl-moctyl phthdate 
Fluorwnthew 
NwphthJem 
Plmnanthrem 
Pyram 
blal2.EthylhexyllphthaIne 
Aluninnn 
Antimony 
Armnlc 
Barium 

Soe last page for footnotr .  
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T d e  6-7. S u n m w  of Detected ConmntrrUom of All Cotutitwntr In Soil SarnPisr Collected During ths P h r e  IA Remedial Invwtbation, B a y o m  Plant, Bayom, New Jerwy. 

Geometric' Perwnt of Number of Samplw Number of S m p k .  P e r m t  of S m p k .  Permnt of Swnpk. 
M i d m m  M e m  Maximum Number of Number of Samplw with Exmedlng NJOEP Exceeding NJDEP Exceding NJDEP Exceding NJDEP 

Qwntlfimble Qumtiflable Quantifiable Qumtifiable Samplw Quantifiable NonRwidentid l m p m  to Grovndwfia NonRwidamid Impact to Grov ldwnu  
Concantration Concentration Conwntrfiion Conwntratlom Analyzed Conmntratiom Soll Criteria Soll Criteria Soil Criteria Soil Criteria 

MDC Building Area (continued) 

j nwaadm lnwlkpl (continuedl 

B w i l i u n  
C d m i u n  
C Jdum 
Chromium 
Cob* 
C w p u  
Iron 
L a d  
M w n r i u n  
M q -  
M u c u r  
N l d u l  
PotI+IIrn 
Silver 
sodkm 
Vanedlum 
Zinc 

R q w  of ca rann f i l o tu  and exceed- do not inlcude qudlty n 8 v m w l q ~ a l i t y  control a m p l r  auch r replicator. f'nld b l h ,  md matrix aplkehnrlx ap lb  duplicNw. 
NJDEP New J m y  Daprtnwnl  of Environnontd Protection. 
PCB* Polychlorinnd blptnnyb. 
rngkg M i l l b r m  #r Idloarm (puO #r milllonl. 

?kg 
M i n o g r m  #I k i loa rm (paU #r bllllon). 
Qsornotric me- ~ o v l d e d  only f w  whole aite aummvy, not for individud area data. 
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Pye l o t 8  
Table 5- 8. Hydrocsrbon Bd NAPL Obmt ioru  in Soil and Tsmponny Wen P h b  1- During the Phpro U Remedial lnvdgaticq Bey- P h f  Bayonne. Nsw Jsnsy. 

Borehob md Soil M s s r u m m W O ~ t i o n r  Tenlpmuy Wen P h t  M ~ s n W o ~ o ~ y  

~ n x i m r n ~  

4 - " t  
Dspthb Scrwnod hya' Dspth' Dapth' NAPL 

S a m s d s o i l  I n W  Msr toWatsr toNAPL T h i c k  NAPL Obrsrvlltioru 
(n blr) (R bb) ~ l m d ~ ~ t i o n  (tbmp) (R bmp) (n) 

12 HC 0.0 to 6.0 R bb. 0-12 6 4.13 4.03 0.11 claw light bmrm producr 

I6 T m H C a n d  tIam1hmonwator4.0to 
10.0 R bb. 

m S B 3  12 HC 4.0 to 12.0 n bb. 3 0-10 10 6.24 6.01 0.23 W t  braam product 

14 BmwnHC~duum2.0  to 10.0 R bb. 

4 0-10 14 6.29 NS Tlwo No NAPL o b n m d  

LOSB6 12 NoHCohsnsd 3.5 A 0 No NAPL abmmd 

8 Bmwn HC rsridum in nod and ~ b m n  2.0 to 6.0 4.3 
n bb. 

No NAPL 

LOSW 16 HC 2.0 to 12.0 R bb. 8 0-15 10 10.42 8.42 3.23 Liehtblm+nprodWt 

Thick black oil on bailer, buw 
aoalhlg 

LOSB I I 14 HC 3.0 to 7.0 n bb. .8.5 0-14 15 4.22 4.1 0.12 ~ @ t b m r m w a m a ~ a a i t  

14 HC on ad 2.0 to 6.0 R bL; brown 6uid HC 6.0 
to 12.0 A bb. 

BmamwsathsladoJ,Uin~on 
probe. 

LOSB13 I6 HC 6~ 0.0 to 8.0 n bb. 8 0-10 9 6.43 NS 0.02 Ihici;bFownoilmpr& 

LOSB14 15 HC7.0to8.5Rbb. Bmwnd 7 0-15 15 4.42 NS T~ca No NAPL abmmd 

LOSBIJ 12 NoHCob.srvob 2 A 0 No NAPL abamd. 

See M pago fa fooblotol. 
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& 2 o 1 8  
TaMs 5- 8. Hydmcgbon md NAPL ObsmWi01u h Soil md Tsmporary Won Poinb W e d  Lhning tho P h  IA Rmodial ln~stigatio~ w- Phf Boyonnq New J-. 

Borohole and Soil MeasurmenW-crm Tampormy Well Point MowuranmWOhboru 

u-Uln2 
*t 

Depth (0 S%oened w' Depth' Dspm' NAPL 
SanwtsdSoil Intend ARor to Watsr LoNAPL Thjcknea 

(A bL) (AbL) ~ t f i ~  (Rbmp) (Rbmp) (A) 

Boring Idantificdtiorv' Depth of 
We4 I b s i g d m  Borshob 

(A bb) 
NAPL ObmwIi~lll 

WSBl6 14 T n m  HC 10.0 Lo 12.0 A bL. HC 5.0 b 6.0 A bb. 10 3-13 15 7.21 7.18 0.03 Bnr*nM.lharodd 

WSB17 3 NoHCobeamd NA A 0 No NAPL obsmul. 

m B 1 8  14 Wax bit1 2.0 b 10.0 A bL. N A A 0 No NAPL obsmul. 

WRMBI 12 Brmvn HC msiduum 4.0 b 10.0 A bL. 4 0-10 2 1.87 1.85 0.02 b light born 

9 OJat1.5Abb;lpoonrcoatedwith&~Idt  1.5 
Bd hsny &om 4.0 b 8.0 R bb, odor Bd 
rhoon 

4.07 NS Tnm +-product 

WRMB3 12 NoHCobsmul. 4 A 0 - No NAPL obravod 

W R M W  
(S) OMMW-I9 

WRMB5 

Liehtbrorra-product 

No NAPL obravod 12 Odor,brormHCrsridurnn&~onrpoon 
4.0b6.0Rbh.lbesn6.0b 10.0RW. 10.00 
12.0 .po4l coat& with HC rodduum Dsrlr 
 product 

0 

T n m  

No NAPL ob.snrsd. 

No NAPL ob.snrsd. 

16 HC rPinhrg 0.0 b 10.0 A bb. 

No NAPL o-d. 

QatkovlS-pr- 

18 V i  HC at 6.0 A bL. Brown product 

0-14 15 7.20 NS T n m  

0-10 10 5.57 5.54 0.04 

Tnm &Qpbb. 

lightbrownd 

No NAPL obsmul. 

Dmpbbof*product 

16 HC 4.0 Lo 8.0 A bb. 

AF'SBl 16 HC 6.0 0 12.0 R bb. Bbcl; product 10 0-16 12 9.4 NS Tncs No NAPL obravod 

so0 lad pa@ for fwmoter. GERAGHTY &? MILLER, INC. 0 



T.Ms 5.8. Hy&& and NAPL Qbmmhnu in Soil and Tempomy Well Pointa l d d  Duriq tho P h  IA Romodial Inmdigation. Bayonno P h f  Bayonno, New Jsrssy. 

Bmhola and Soil MoaruranaoWO-am Tempmy Well Pomt M m m m a n W ~ a u  

Maximum' 

h a i p t i m  of 
Hydrmubal o b a e n t i m  

in Soil 

W t  

D m  to Dayl' Dopth' Depth' NAPL 
Saturated Soil lnlsrval AAsr towater toNAPL Thicknm 

(A bb) (A bb)  tion on (A bmp) (A bmp) (11) 
NAPL Obnnmtim 

APSBY 20 HC md watsr 6.0 to 16.0 A bb. 
(WJ GMMW3 

16 Tar-tilrs HC 4.5 to 4.7 A bL, hM HC 
miduum and Ihm 5.5 to 7.0 A bL, HC dropleb 
15.9 to 16.0 A bb. 

14 Bbd ;  thick HC 5.0 to 6.0 A 'As. No NAPL ob.avsd 

'IbiokWtar.  20 Hard blsdr HC 3.5 to 6.0 A bL; rstllratbd with 
bIOWI HC h 8.0 to 10.5 A bb. 

18 HC 0.0 to 4.0 A bL, tsturatd HC 4.0 to 14.0 A 
bb. 

ni4 b k k  product. 

I@t brown product 

12 B k k  HC 2.0 to 4.0 A bb. 

16 Sheen and HC 2.0 to 9.0 A bb. 

AOTFSB4 14 HC 4.0 to 12.0 A bb. 7 0-10 15 9.06 8.34 0.72 BLrimwhredd 

20 S h m  wd lmm bLEt to brown HC r w i h  
4.0 to 12.0 A bL, and at 20.0 A bls. 

Brown oil 

ECPSB3 4 No HC ob.arvsd; R O W  at 4.0 A bL. N A A 0 No NAPL obrorvsd 

6 0% 14 7.72 NS Tncs No NAPL obmwd 

18 S a l m k l  wifh brown HC rsliduum 6.0 to 14.0 
fl bb. 

0 No NAPL obsaved. 

' ECIRMBY 
(S) GMMW-18 12 Sha~dhMbLEtto@mnHCroridtnrm 4 0-10 1 5.09 4.59 0.55 Bmw.tobghtbmwnromi-clssd 

2.0 lo 8.0 A bb. 

GERAGHTY @ MILLER, INC. 



Page4018 
TDMo S- 8. Hy&& and NAPL Oksrvationa in Soil and Tsmporary Well Poinb W e d  Cuing the Phaw IA Remedial lnvdpticn, Bayonno P h k  Beyonno, New Isnay. 

Borehole end Sod McammmmWObrsrvaboru Temporary Wen Pant M~wamanWObrsrvatio~ 

MEuimm' 
Apparmt 

Bail@ Idsnti6gtiod Depth of hcliption of Depth to Scmmed Day' Depth' Depth' NAPL 
We4 hi@wion h h &  Hy&& Churntiom SaturabdSoil l n t d  After toWatsr toNAPL ' I h i c h  NAPL Obrolntiau 

(fi bh) inW (A bb) (A bb) h d b b o n  (A bmp) (A bmp) (A) 

Bmm HC rudum 3.5 to 6.6 A bb. 

HC 2.0 to 12.0 A bL. 

wt-product 

No NAPL obrsnsd. 

No NAPL otumd 

No NAPL otumd 

~ ~ w i t h b r o m H C ~ 4 . 0 t o 1 1 . 5 A  
bb. 

LI&~ brmn weathmd product 

No NAPL otumd 

No NAPL otumd Sahlratod with HC residuum 3.5 to 6.0 A bb, 
rhcsru 2.3 to 8.0 A bb. Shes 

12 Stippoy moil, rhea, and trow HC 4.0 to 6.0 A 
bL. LightbmMcbaproducr 

3.5 0-10 17 2.01 NS Traco No NAPL otumd 

16 RdtobmrmHCrsa'mnrm4.0to6.0Abb. 
lhoon 6.0 to 10.0 A bb. 

3-13 21 7.70 3.05 4.65 Light kown dasr padvd Altsr well 
~ k p r o d v n m a s = m ~ ~ ~  

N3TFSB9 I NoHCokrmd N A 0-3 5 1.46 NJ 0 No NAPL otumd 

Light brown, clsar. 

12 Brown HC mduwm mkd with water, HC 
rwiduum, and l b b o ~  4.0 to 9.0 A bb. 

4 0-8 4 6.68 6.03 0.65 Light brow ckaf poduct 

18 Cinden nhrratsd with light Msck HC ddutm 
2.5 to 4.0 A bb. 

12 Brown HC miduum and rsriduum droplob 4.0 
to IO.OAbL. 

6 3-16 16 5.19 NS Trum NO NAPL o b m d .  

%e~utpesforf~ohlo(or.  GERAGHTY &' MILLER, INC. r"r 



PlgeSof8 
Tabh S 8. Hydrocdm w d  NAPL Cimmmlioru in S d  md Tempormy Wen Poinb Iruralled h Phro IA Rmediel lnm@tion. Bayme P*nf B a y m .  Nsw Jonsy. 

Borobob w d  Soil McamuromsnWOtwrvuIiofu ~ m p m q ~  wen ~ o m t  M - O I I W O ~ ~ ~ O I Y  

Mluimm' 

-t 
Bming ldsntiecationl Dspth of Demipim of Dopm'Q %awned Dap' Dopm' ~ o p l h '  NAPL 
Wdl- Borohok H y d r ~ ~ d m  ObraMti01y 9aluratsd SoJ lntaml Aftor towator toNAPL Thiebma NAPL Obwrvati01y 

(A bb) nSoJ  (A bk) (A bb) hidlation (Abmp) (A bmp) (A) 

I6 Sticky tar-Eke b k k  HC, rhm droplab 5.5 to 
13.9Rbb. (Blsd:oiL) 

0-15 13 7.33 NS Tnca No NAPL o&md 

16 Tram Ihssn droplob 8.0 to 15.0 A bb. B k k  
oil 

8 0-15 13 7.W NS Tncs No NAPL o&md 

16 Satllnlsd with d tar 6.0 to 13.8 A bb. 

16 - T s  7.3 to 10.0 A bL; aham md Qopbb 10.0 to 

12.0 A bb. 

16 ~ y H C 2 . 0 t o 6 . O f i b L . c o a l ~ ~ t s d  
6.0 to 10.5 A bb. 

0-15 7 .  8.18 6.15 2.07 Ssmi-- brown HC r o d h  
BLecL kmu oil, m d  wim hpc a d  probe. 

EGITSBI No NAPL obamd 

7.2 0-10 14 6.54 NS Tnca No NAPL 

I4 HCvia%hmdr9md~,onloJwdmwstsr 
4.0 to 9.0 A bb. (black oil). 

4 0-5 17 8.84 NS l m o s  No NAPL olmwmd 

16 Cindan w l@Uy coaled wilh brown HC 
residuum, trrs lbbsn 8.0 to 13.0 A bL. (bLsdr 

**). 

No NAPL obrsnsd. 

18 Pi& d HC 4.0 to 8.0 A bb. 
( d m p h  and black city mslsrial). 

6 0-10 17 6.87 NS Tnca No NAPL o w .  

0-20 14 5.89 NS 0.03 Black HC droplab on Mr. da'k b k k  
tar* HC on pdm. 

20 S J t y b l & l t o g n y ~ 0 h u b a ~ 2 . O t o  
4.0Ablr.dePbkownHCrslidurrm~ 
&con; lbssn m watm 10.0 to 19.0 A bb. 

Sm)u tp .ge fa~cdmtes .  GERAGHTY €4 MILLER, INC. 0 



Tabb J- 8. Hydmcubon and NAPL Ob.snationr in Sd and Tomponry WOO Poinb L u t d d  UIs P h m  (A Rmodial lnvw@acion Bayonno P l m  Bayonno. Nav I-. 

Borohdo and S d  M s a r u r s m s n W O ~ t i o ~ u  Tsmporary Well Point M ~ u r e m m W O ~ h u  

~ a x i m m =  

4 P Q t  
Depth to S~mened D.p' DepUI' Dspth' NAPL 

.%~wedSoil 1nCor.d Mar toWatsr toNAPL 'Ihiclmotl 

(fi bh) (fibb) butabtion (A bmp) (A bmp) (A) 
NAPL Obrsnatioru 

GTFlRMB7 20 HC I.hnubd 6.0 to 8.0 A bb. HC Q o p h  5-10 9 4.70 NS Tmw No NAPL ob.srvsb 

20 HC7.5to 12.0Rbb.lhosnon~stsrandrpoon 
12.0 to 20.0 A bb. @hk thick). 

5-15 10 7.16 NS T m  No NAPL ob.anad 

0 No NAPL o b m d ,  

A 0 No NAPL ob.ausd 

A 0 No NAPL ob8cr.d 

A 0 No NAPL ohad. 

A 0 No NAPL ohad. 

A 0 No NAPL ohad. 

I2 TrsosMscLbatmdHCrmswonglovor2.Oto 
4.0 A bb md 8.0 to 10.0 A bb. 

A 0 No NAPL ohad. 

12 ~sry~lhssnonwatmpouringbomrpoo~ 
6.0 to 12.0 A bb. 

A 0 No NAPL ob.srvsd 

0.10 13. 4.7 NS Tnce No NAPL obrsrvsb 

shsamuw 
& S B I  14 V i  HC2.00 12.0 ft bb. 

STFSBZ 16 VLual HC 4.0 b 14 A bb. 

SfFSB3 14 V i  HC4.0 to 10.0 A bb. 

No NAPL ob.srvsd 

Pisnmd Eartsida - 
PESTSBl 20 HC rsliduuq inidsrant lhm 4.0 to 8.0 R bb. 

GERAGHTY & MILLER, INC. 



- 7 0 f 8  
T.Mo 5- 8. Hydraarbon 4 NAPL Obronabocu in Sd md Tanpprsry Well P h b  htahd hnins the P h a ~  U\ Remalid Inwrtigstim, Bay- P h t  Bay-, N m  Jonsy.  

Borahdo a d  Sod M-onlur0-h Tsm~aary Wall Point Ms~lransnlurobw~~tio~u 

Mardmuma 

Ospm o f  
Apparent 

~ a i n g  I ~ W  w t i m  o r  ~ s p m  to Scie8ned ~ a p '  ~ d p t h '  ~ a p t h '  NAPL 
W d  De+hn Boroholc Hydrocdon Obamatim Satumlodsoil l n t d  ARsr to Watm toNAPL lhiclcnsu NAPL Obsmahu 

(fi bb) in Soa (n (Rbb) l~lshnmh (Rbmp) (fibmp) 

5.5-15 13 7.3 NS T n a  No NAPL ob.srval 

18 HC61&g.Oto4flbb;VirudHC6.0to6.Sfl 
bb. 

14 Black HC 2 to 6.0 R bb. No NAPL o b s n a d  

16 V h d  HC 6.0 to 10.0 fl bb. N o  NAPL ob.avbb 

N o  NAPL ob.avbb 

16 HC 7.0 to 12.0 fl bL; aham 12.0 to 14.0 A bb. No NAPL o b w m d .  

No NAPL ob.srval 6 HC 0.0 to 4.0 fl bb. 

24 T n m  HC 10.0 to 16.0 fl bb. 

16 (kosni.h HC 2.0 to 10.0 fl bb. 

12 T n a  HC 8.0 to 9.5 R bb. N o  NAPL okolvod 

16 HC r e d u u ~ ~  2.0 to 8.0 fl bb. 

MDCSBI 14 

GERAGHTY 63 MILLER, INC. 



& s o f a  
T a b  5- 8. H- m d  NAPL Obmmlioru in Soil md Tompotmy Wen Pamb Inrca0ed L h h g  the Phars L4 Remedial In- e S y m  Plsnt Bayonno. New Jsnsy. 
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Table 5-9. Hydrometer Test Results, Phase IA Remedial Investigation, Bayonne Plant, 
Bayonne, New Jersey. 

Location I .D. ~pparent'  Specific 
NAPL Thickness Gravity 

(ft) 

GMMWl 
GMMW5 
GMMW7 
GMMWl6 
GMMWl8 
AHTFSBl 
AHTFSB4 
MBSB2 
GTFSB9 
EC2SBl 
ECPSB2 
AGTFSB3 
AGTFSB4 
SSBl 
ITMWl 
ITM W2 
ITMW4 
P7MW1 
SHER13 
MW3 
MW7 
MW8 
MW12 
MW13 
PKMW8 
PKMW11 
PKMW12 
PKMW14 
EB2 
EB3 
EB12 
EB13 
EB16 
EB17 
EB19 
EB24 
EB59 
EB62 
EB69 

--- 

See last page for footnotes. 
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Table 5-9. Hydrometer Test Results, Phase IA Remedial Investigation, Bayonne Plant, 
Bayonne, New Jersey. 

Location I.D. ~pparent'  
NAPL 'Thickness 

(ft) 

Specific 
Gravity 

1 NAPL samples were collected from RIIIRM standpipes or monitoring wells. Presented 
NAPL thicknesses are the maximum NAPL thickness measured at each location 
from temporary well points or at monitoring wells during the December 12, 1994 
low-tide synoptic waterMAPL measuring event. 

NAPL Non-aqueous phase liquid. 
ft Feet. 
RI Remedial investigation. 
IRM Interim remedial measure. 

G:\APAOJECNXXONWJOZl Z.OIlUW)3WbRMETR.XLS 
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Table 5-1 0. Summary of NAPL Findings, Bayonne Plant, Bayonne, New Jersey 

Descriptive Location or 
Operational Area 

Plume Apparent NAPL Specific Gravity Inferred NAPL Type ' 
No. (See Thickness Range Range 

Figure 5-51 (feet) 

Currently Subject Deferred 
to IRM to RI 

Pier 5 and East Side, Treatment Plant 1, 2, and 3 
Area, and MDC Building Area 

0.85 1 - 0.99 1 Degraded gasolines and diesel, 
kerosene, No. 5 and No. 6 fuel oils, 
and high viscosity lube base stock.. 

Low Sulfur and Solvent Tank Fields 4 0.797 - 0.99 Gasoline and heavy fuel oils (e.g., 
No. 6 fuel oil). 

General Tank Field 5 and 6 0.960 No. 6 fuel oil. 

AV-Gas Tank Field and Domestic 7 
Trade Area (includes southern part 
of lnterceptor Trench) 

0.83 - 0.970 Diesellaviation fuel; lube oil and 
No. 6 fuel oils. 

Asphalt Plant and Exxon Chemicals Plant 8 and 9 
(includes Utilities Area) 

0.853 - 0.970 Lube oil, No. 6 oil, and asphalt. 

No. 3 Tank Field 10 0.830 - 0.841 Kerosene or cutback 
naphthalpowerformer feedstock. 

No. 2 Tank Field and Main Building 11 and 12 
Area (includes northern Interceptor 
Trench area 

0.87 - 0.971 Diesel; No. 2 and No. 6 fuel oils. 

"Aw-Hill Tank Field 13 0.82 Diesel. 

0,885 - 0.945 Lube oil and No. 2 fuel oil. Lube Oil and Stockpile Area (includes 14, 15, 
Platty Kill Canal) and 16 

0.885 - 0.995 Lube oilINo. 6 oil. Pier No. 1 (includes Helipad Area) 17 

Based on specific gravity measurements and operating characteristics. 
NAPL Non-aqueous phase liquid. 
IRM Interim remedial investigation. 
RI Remedial investigation. 
AV Aviation gasoline. 
MDC Metropolitan Distribution Center. GERAGHTY 63 MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP ' Sample ID: EB1 EB29 EB51 EB68 EBR13 EBR19 GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 

Groundweter 

Quality Standard 
Analyte (Higher of PQLs) Date: 01 126195 01/26/95 01/25/95 01 124195 01 127195 01 124195 01 125195 01 125195 .01125195 01 125195 01 123195 

Total Petroleum Hydrocarbonr 
ImgA) 

Volatlk Organlc Compwndr (ugR) 

1 , 1 , 1 -Trichloroathane 
1 ,I ,2,2-Tetrachloroethane 
1,1,2-Trlchloroethane 
1,l-Dichloroethane 
1 ,l -Dichloroethene 
1,2-Dibromoethane 
l,2-Dichloroethane 
1,2-Dichloroethene(Total~ 
1.2-Dichloropropane 
1 -Butan01 
2-Butenol 
2-Butanone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propanol 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Brornodichlorornethane 
Brornoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,3-Dichloropropene 
Dibromochloromethane 

17.4 - 

1 OU 
10UJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
IOU 
1 OU 
500U 
500U 
1OUJ 
lOUJ 
500U 
500U 
1 OU 
lOUJ 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

6.62 - 

1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
10UJ 
500U 
500U 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

26 3 4 

1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
1 OUJ 
lOUJ 
500U 
500U 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
11U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 

10.7 - 

1 OU 
10UJ 
1 OU 
1 OU 
1 OU 
20UJ 
1 OU 
1 OU 
1 OU 
500U 
500U 
10UJ 
lOUJ 
500U 
500U 
lOUJ 
lOUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
18 - 
1 OU 
1 ou 
1 OU 
1 OU 
1 OU 

10.2 - 

1 OU 
1 OUJ 
IOU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
1 OUJ 
500U 
5 0 0 ~  
1 OU 
49J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 

12.9 - 

1 OU 
1 OUJ 
IOU 
IOU 
1 OU 
20UJ 
1 OU 
1 OU 
IOU 
500U 
500U 
10UJ 
1 OUJ 
500U 
500U 
1 OUJ 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

16.9 - 

1 OU 
10UJ 
l 0 U  
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
50C:I 
500U 
1 OUJ 
1 OUJ 
500U 
500U 
1 OU 
10UJ 
8J - 
1 OU 
10UJ 
1 OU 
IOU 
1 OU 
3U 
1 OU 
1 OU 
1 OU 
1 OU 
IOU 

42.1 - 

1 OU 
1 OUJ 
10U 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
5 w u  
500U 
1 OUJ 
lOUJ 
500U 
500U 
1 OU 
1 OUJ 
27 - 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
7100 - 
1 OU 
1 OU 
lOUJ 
1 OU 
IOU 

13.9 - 

1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
5 w u  
5 w u  
1 OUJ 
lOUJ 
500U 
500U 
IOU 
lOUJ 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
12U 
1 OU 
1 OU 
lOUJ 
1 OU 
IOU 

16.6 - 

1 OU 
10UJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
5 w u  
5 w u  
1 OUJ 
lOUJ 
5 w u  
5 w u  
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 

21.6 - 

1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20u 
1 OU 
1 OU 
1 o u  
500U 
500U 
1 OUJ 
10UJ 
500U 
500U 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

See last page for footnotes. GERAGHTY 5' MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

NJDEP Sample ID: EB1 EB29 EB51 EB68 EBR13 EBR19 GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 

Groundwater 

Quality Stendard 
Anelyte (Higher of PQLs) Date: 01 126195 01 126195 01 I25195 01 124195 01 I27195 01 I24195 01 126195 01 125195 01 125195 01 125195 01 I23195 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylene chloride 
n-Propylbenzens 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,3-Dichloropropene 
Trichloroethene 
Vinyl chloride 
Xylenes (Total) 

1 OU IOU, IOU 1 OU 1 OU IOU 
20UJ 20UJ 20U 20UJ 20U 20UJ 
20U 20U 20U 20UJ 20U 20UJ 
1 OU 1 OU IOU 1 OU 1 OU 1 OU 
2J 20U 20U 20U 20U 20U 
IOU 1 OU 1 OU 1 OU 1 OU 1 OU 
1 OU 1 OU 1 OU 1 OU 1 OU 1 ou 
1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 

1 OU 1 OU lOUJ IOU 1 OU 1 OU 

1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 

9J 
20U 
20U 
1 OU 
4J 
1 OU 
1 OU 
2J 
IOU. 
1 OU 
1 OUJ 
5J 

1 OU 
20U 
20U 
1 ou 
20U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
lOUJ 
1 OU 

1 OU 
20U 
20U 
1 OU 
20u 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 

Total VOCs 2 0 0 18 49 0 138 7147 0 0 0 

See lest pegs for footnotes. 

GERAGHTY 8 MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

NJDEP Sample ID: GMMW9 GMMWlO GMMW11 GMMW13 GMMWl4 GMMW15 GMMW17 GMMW19 GMMW2O GMMW211 GMMW21D 

Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 01 123195 01 123195 01 125195 01 127195 01 123195 01124195 01 125195 01 127195 01 123195 01 I26195 01 124195 

Total Petroleum Hydrocarbonr 1.0 * *  
ImgA) 

Volatile Organlc Compound8 (ugA) 

1 , 1 , 1 -Trichloroethane 
1,1,2,2-Tetrachloroethene 
1,1,2-Trichloroethane 
1.1-Dichloroethane 
1,l-Dichloroethene 
1,2-Dibromoethene 
1.2-Dichloroethane 
1,2-Dichloroethene(Total) 
1.2-Dichloropropane 
1-Butenol 
2-Butanol 
2-Butanone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propanol 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Brornodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromathene 
cis- 1,3-Dichloropropene 
Dibrornochloromethene 

1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
lOUJ 
500U 
500U 
1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
2J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
20u 
1 OU 
1 OU 
1 OU 
500U 
500U 
10UJ 
1 OUJ 
500U 
500U 
1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
lOUJ 
IOU 
1 OU 
1 OU 
20U 
1 OU 
IOU 
1 OU 
500U 
500U 
lOUJ 
lOUJ 
500U 
500U 
IOU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 

IOU 
lOUJ 
1 OU 
64 
1 OU 
20U 
1 ou 
7J 
1 OU 
500U 
500U 
lOUJ 
1 OUJ 
500U 
500U 
1 OU 
lOUJ 
6J - 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
65 
1 OU 
lOUJ 
1 OU 
IOU 

1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
7J 
1 OU 
500U 
500U 
lOUJ 
lOUJ 
500U 
500U 
1 OU 
lOUJ 
73 - 
IOU 
1 OU 
1 OU 
IOU , 

1 OU 
2J 
1 ou 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 1 OU 
10UJ lOUJ 
1 OU 1 OU 
1 OU IOU 
1 OU 1 OU 
20u 20U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
500U 530U 
500U 500U 
lOUJ lOUJ 
lOUJ lOUJ 
500U 500U 
500U 500U 
1 OU 1 OU 
19J lOUJ 
10 - w - 
1 OU IOU 
1 OU 1 OU. 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 

IOU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
IOU 
1 OU 
500U 
500U 
1 OUJ 
1OUJ 
500U 
500U 
1 OU 
lOUJ 
12 - 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 

1 OU 
lOUJ 
1 OU 
1 OU 
IOU 
20u 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
lOUJ 
500U 
500U 
1 OU 
lOUJ 
W - 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 

310U 
310UJ 
310U 
310U 
310U 
620U 
310U 
310U 
310U 
24000 J 
16000UJ 
3 1 OUJ 
310UJ 
16000UJ 
16000UJ 
310U 

310U 
310U 
310U 
310U 
310U 
310U 
310U 
310U 
310UJ 
310UJ 
310U 
310U 

- -  - 

See last page for footnotes. 
GERAGHTY 8 MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP + Sample ID: GMMWS GMMW10 GMMW11 GMMW13 GMMW14 GMMWI 5 GMMW17 GMMW19 GMMW2O GMMW211 GMMW2lD 

Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 01 123195 01 I23195 01 I25195 01/27/95 01 123195 01 124195 01 125195 01 127195 01 I23195 01 126195 01 I24195 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylene chloride 
n-Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans- 1.3-Dichloropropene 
Trichloroethene 
Vinyl chloride 

Xylenes (Total) 

Total VOCs 4 6 0 142 9 2 45 9 18 11 3193 28300 

See lest page for footnotes. 

GERAGHTY &? MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons end Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

NJDEP Sample ID: GMMW22D GMMW231 GMMW23D GMMW23DFR GMMW241 GMMW24IFR GMMW24D MW6 MW9 MWlO 

Ground water 

Quality Standard 
Analyte (Higher of POLS) Dete: 01 127195 01126195 01/26/95 01126195 01 124195 01 124195 01 124195 01 124195 01 124195 01 123195 

Total Patrdaum Hydrocarbonr 
(rngR1 

Volatile Organlo Compoundo lug&) 

1 ,l ,1-Trichloroethane 
1,1,2,2-Tetrechloroethane 
1,1,2-Trichloroethene 
1,l-Dichloroethene 
1,l-Dichloroethene 
1,2-Dibromoethene 
1.2-DicMoroethene 
1,2-Dichloroethene(Total) 
1,2-Dichlo~oPropane 
1 -Buten01 
2-Butenol 
2-Butanone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propenol 
4-Methyl-2-pentenone 
Acetone 
Benzene 
Brornodichloromethene 
Bromoform 
Brornomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethene 
cia-1,3-Dichloropropsne 
Dibromochloromethene 

1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
lOUJ 
500U 
500U 
1 OU 
lOUJ 
1 OU 
25 - 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
16  - 
lOUJ 
1 OU 
1 OU 

lou 1 OU 
1 OUJ lOUJ 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
20U 20U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
5WU 500U 
500U 500U 
1 OUJ 10UJ 
lOUJ lOUJ 
500U 500U 
500U 500U 
1 OU 1 OU 
lOUJ lOUJ 
13 - 1 OU 
1 OU 1 OU 
lOUJ 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
2J - 12 
1 OU 10UJ 
1 OU 1 OU 
1 OU 1 OU 

1.31 

1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
10UJ 
500U 
500U 
1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
16J - 
lOUJ 
1 OU 
1 OU 

1 OU 
lOUJ 
1 OU 
1 ou 
1 OU 
20UJ 
1 OU 
1 OU 
1 OU 
5 w u  
5 w u  
lOUJ 
lOUJ 
5 w u  
500U 
lOUJ 
lOUJ 
1 ou 
10  - 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
40  - 
1 OU 
1 OU 
1 OU 

See last page for footnotes. GERAGHTY & MILLER, INC. C1 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP ' Sample ID: GMMW22D GMMW231 GMMW23D GMMW23DFR GMMW241 GMMW24IFR GMMW24D MW8 MW9 MW10 

Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 01  /27/95 01 /26/95 01/26/95 01 /26/95 01 /24/95 0 1 /24/95 01 /24/95 01  /24/95 01 I24195 01 /23/95 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylene chloride 
n-Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,3-Dichloropropene 
Trichloroethene 

Vinyl chloride 
Xylenes (Total) 

1 OU 
20U 
20U 
1 OU 
5J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 ou 

Total VOCs 18 46 17 34 28800 52502 50 18220 170 500 

See last page for footnotes. 

GERAGHTY @ MILLER, INC. 0 



Teble 5-1 1. Total Petroleum Hydrocarbone end Volatile Organic Compounde in Groundwater Semplee Collected During the Phese IA Remedial Inveetigetion, Bayonne Went, Bayonne, New Jersey. 

NJDEP Sample ID: PKMW-4 GTFIRMB9 LOSE6 LOSE15 ' LOSE18 MBSB4 MBSB4FR N2TFSB2 N2TFSB3 

Groundwater DPlO DP10 DP08 DP09 DPl6 DPl6 DP12 DPlO 

Quelity Stendard 
Anelyte (Higher of PQLs) Date: 01  I27195 10121194 10125194 10124194 10124194 1 1 I02194 1 1 I02194 1 1/08/94 1 1 /08/94 

Total Patrolaum Hydrocarbon. 
(mg A l  

Volatllo Organic Compound. (ugA) 

1 ,l,l-Trichloroethane . 

1,1,2,2-Tetrachloroethene 
1,1,2-Trichloroethane 
1 ,1-Dichloroethane 
1.1 -Dichloroethene 

,\ 1,2-Dibrornoethene 
1.2-Dichlorosthane 
1.2-Dichloroethene(Totel) 
1.2-Dichloropropane 
1 -Butan01 
2-Butenol 
2-Butanone 
2-Hexanone 
2-Methyl-2.propanol 
2-Propanol 
4-Methyl-2-pentenone 
~ c e t o n e  
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethene 
Carbon disulfide 
Cerbon tetrachloride 
Chlorobenzene 
Chloroethene 
Chloroform 
Chloromethane 
cis-1,3-Dichloropropene 
Dibromochloromethane 

25.3 - 

1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
1 OUJ 
500U 
500U 
1 OU 
140J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
10UJ 
1 OU 
1 OU 

N A 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
1 OUJ 
500U 
500U 
1 OU 
10UJ 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 
1 OU 
10UJ 
IOU 
10UJ 
1 OU 
1 OU 

N A 
4 

1 OU 
1 OU 
1 OU 
IOU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
SOOU 
500U 
1 OUJ 
10UJ 
500U 
500U 
IOU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OUJ 
1 OU 
1 OU 

N A 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
10UJ . 
500U 
500U 
1 OU 
10UJ 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
IOU 
1 OUJ 
1 OU 
lOUJ 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
IOU 
1 OU 
5GOU 
500U 
1 OUJ 
1 OUJ 
500U 
500U 
IOU 
16UJ 
W - 
1 OU 
1 OU 
1 OU 
1 OU 
IOU ' 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
20U 
1 OU 
1 OU 
1 OU 
500U 
500U 
lOUJ 
1 OUJ 
500U 
600U 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 

See last page for footnotee. GERAGHTY &? MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigetion, Bayonne Plant, Beyonne, New Jersey. 

NJDEP Sample ID: PKMW-4 GTFIRMB9 LOSB6 LOSBl5 LOSBl8 MBSB4 MBSB4FR N2TFSB2 N2TFSB3 

Groundwater DPl 0 DPlO DP08 DP09 DPl6 DPl6 DP12 DPlO 

Quality Standard 
Analyte (Higher of PQLs) Date: 01 127195 10121 194 10125194 10124194 10124194 1 1/02/94 1 1/02/94 1 1108194 1 1/08/94 

Ethylbenzene 
Hexene 
Methyl-t-butyl ether 
Methylens chloride 
n-Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans-1.3-Dichloropropene 
Trichloroethene 
Vinyl chloride 
Xylenes (Total) 

1 OU IOU, 
20U 20UJ 
260 20U 
1 OU 1 OU 
20u 20U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OUJ 
1 OU 1 OU 

1 OU 
20UJ 
20U 
1 OU 
20U 
1 OU 
1 OU 
2J 
1 OU 
1 OU 
1 OUJ 
4J 

Total VOCs 400 0 0 121 6 71 70 7500 108 

See last page for footnotes. 

GERAGHTY &? MILLER, INC. 0 
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Table 5-1 1. Total Petroleum Hydrocarbons end Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Rant, Beyonne, New Jersey. 

NJDEP Sample ID: N3TFSB4 N3TFSB5 N3TFSB6 PESTSBl PSSB1 PSSBI -FR 
Groundweter DP10 DP09 DP12 DP10 DPlO DP10 

Quality Standard 
Analyte. (Higher of PQLs) Date: 1011 7/94 1011 9/94 1 1/02/94 1 1108194 1 1108194 1 1108194 

Total Potroloum Hydrocarbono 
(moAt 

Vdatile Organic Compound* lugA) 

1.1 ,l  -Trichloroethane 
1,1,2,2-Tetraahloroethane 
1 .I ,2-Trichloroethene 
1.1 -Dichloroethane 
1.1 -DicMoroethene 
1,2-Dibrornoethane 
1,2-Dichloroethane 
1,2-Dichloroethene(Tota1) 
1 ,2-Dichloropropane 
1 -Butan01 
2-Butanol 
2-Butanone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propanol 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichlorornethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,3-Dichloropropene 
Dibromochloromethane 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
20U 
1 OU 
1 ou 
IOU 
500U 
5 w u  
lOUJ 
1OUJ 
5 w u  
500U 
1 OU 
24UJ 
75 - 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 
1 OU 
1 OU 

STFSB3 FBA 1-1 10294 

DPlO 

See last page for footnotes. 
GERAGHTY & MILLER, INC. 
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Teble 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Sample ID: N3TFSB4 N3TFSB5 N3TFSB6 PESTSB1 , . PSSBl PSSB1-FR STFSB3 FBA1-110294 

Groundwater DP10 DP09 DP12 DP10 DPlO DP10 DPlO 

Quality Standard 
Analyte (Higher of PQLs) Date: 1011 7 /94 1011 9/94 1 1/02/94 1 1/08/94 1 1/08/94 1 1/08/94 1 1/08/94 1 1 I02194 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylens chloride 
n-Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,3-Dichloropropsns 
Trichloroethene 
Vinyl chloride 

Xylenes (Total) 

,560UJ 
4600J 
1 1 OOUJ 
560UJ 
2000J 
560UJ 
560UJ 
560UJ 
560UJ 
560UJ 
560UJ 
560UJ 

Total VOCs 141 7 0  7700 251 8 1927 348 499 369 8 

See last page for footnotes. 

GERAGHTY 69 MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey, 

.) NJDEP Sample ID: FBA2-110894 FBA1-012395 FBA2-012495 FBA3-012595 FBA4-012695 FBA5-012795 

Groundwater 

Quality Standard 
Analyte (Higher of PQLe) Date: 1 1/08/94 0 1  123195 01  124195 0 1  125195 01  126195 01  127195 

Total Petrol.um Hydrocarbon. 
(maA1 

V d a t i h  Organic Compound. l ugk ]  

1,1,1 -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1.1 -Dichloroethane 
1, l  -Dichloroethene 
1,2-Dibromoethane 
1,2-Dichloroethane 
1,2-Dichloroethene(TotaO 
1,2-Dichloropropane 
1 -Butan01 
2-Butanol 
2-Butanone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propanol 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,3-Dichloropropene 
Dibromochloromethane 

1 OU 
IOU 
1 OU 
IOU 
1 OU 
20U 
1 OU 
IOU 
1 OU 
500U 
m u  
1 OU 
1 OU 
WOU 
swu 
1 OU 
1 OU 
1 OU 
1 OU 
1 ou 
IOU 
IOU 
1 OU 
2J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

See last page for footnotes. GERAGHTY 13 MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Sample ID: FBA2-110894 FBA1-012395 FBA2-012495 FBA3-012595 FBA4-012695 FBA5-012795 
Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 1 1/08/94 01 I23195 01 124195 01 I25195 01 120195 01 127195 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylene chloride 
n-Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans- l,3-Dichloropropene 
Trichloroethene 
Vinyl chloride 
Xylenes (Total) 

Total VOCs 10 1 1 20 1 3 

See lest page for footnotes. 

GERAGHTY @ MILLER, INC. a 
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Table 5-1 1. Total Petroleum Hydrocarbone and Volatile Organic Compounds in Groundwater Semplee Collected During the Phase IA Remedial Investigation, Bayonne Plant, Beyonns, New Jereey. 

NJDEP Sample ID: TB101994 TB-102094 TB-102194 TB-102594 TB-110294 TB-110894 TB1-012395 

Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 1011 9/94 10120194 10121 194 10124194 1 1/02/94 1 1108194 01 I23195 

Total Petroleum Hydrocarbonm 
ImgAI 

1,1 ,l -Trichloroethane 
1,1,2,2-Tetrachloroethane 
1,1,2-Trichloroethane 
1 ,l -Dichloroethane 
1,l-Dichloroethene 
1.2-Dibromoethanq 
1.2-Dichloroethand 
1,2-Dichloroethene(Totel) 
1,2-Dichloropropane 
1 -Butan01 
2-Butanol 
2-Butenone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propanol 
4-Methyl-2-pentenone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethene 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis- 1,3-Dichloropropene 
Dibromochloromethane 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
20U 
1 OU 
1 o u  
1 OU 
500U 
500U 
1 OU 
1 OU 
500U 
500U 
1 OU 
1 OU 
1 OU 
1 ou 
1 OU 
1 OU 
1 OU 
1 OU' 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

See lest page for footnotee. GERAGHTY €3 MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Inveetigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Sample ID: TB-101994 TB-102094 TB-102194 TB-102594 TB-110294 TB-110894 TB1-012395 

Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 1011 9/94 10/20/94 10121 194 10/24/94 1 1 102194 1 1/08/94 01  123195 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Mathylene chloride 
n-Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,3-Dichloropropene 
Trichloroethene 
Vinyl chloride 
Xylenes (Total) 

iou 
20U 
20U 

Total VOCs 2 5 0 0 9 10 0 

GERAGHTY tY MILLER. INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons and Volatile Organic Compounds in Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Sample ID: TB2-012495 TB3-012595 TB4-012695 TB5-012795 

Groundwater 

Quality Standard 
Analyte (Higher of PQLs) Date: 0 1  124195 0 1/25/95 0 1 126195 0 1  127195 

Total Patrolaum Hydrocarbow 
IrnoA) 

Volatila Organic Compwndr (ugRI 

1 ,l ,1-Trichloroethane 
1,1,2,2-Tetrschloroethane 
1,1,2-Trichloroethane 
1 ,l -Dichloroethene 
1 ,l -Dichloroethene 
1,2-Dibromoethane 
1,2-Diohloroethane 
1.2-Dichloroethene(Total) 
1,2-Dichloropropane 
1 -Butan01 
2-Butanol 
2-Butanone 
2-Hexanone 
2-Methyl-2-propanol 
2-Propanol 
4-Methyl-2-pentanone 
Acetone 
Benzene 
Bromodichloromethane 
Bromoform 
Bromomethane 
Carbon disulfide 
Carbon tetrachloride 
Chlorobenzene 
Chloroethane 
Chloroform 
Chloromethane 
cis-1,3-Dichloropropsne 
Dibromochloromethane 

See last page for footnotes. 
GERAGHTY & MILLER, INC. 
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Table 5-1 1. Total Petroleum Hydrocarbons end Volatile Organic Compounds in  Groundwater Semples Collected During the Phese IA Remediel Investigation, Beyonne Plent, Beyonne, New Jersey. 

NJDEP . Sample ID: TB2-012495 TB3-012595 TB4-012695 TB5-012795 

Groundwater 

Quality Standard 
Anelyte (Higher of POLS) Date: 01  124195 01/25/95 01  126195 01  I27195 

Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylene chloride 
~Propylbenzene 
Styrene 
Tetrachloroethene 
Toluene 
trans-1,3-Dichloropropene 
Trichloroethene 
Vinyl chloride 

Xylenes (Total) 

Total VOCs 0 8 2 2 

Anelyte concentrations and New Jersey Depertment of Environmentel Protection (NJDEP) criteria in  micrograms per liter (uglL) (equivelent to parts per billion Ippbl) except total petroleum 
hydrocarbon (TPH) results end criteria, which ere reported in  milligrems per liter (rnglL) (equivelent to perts per million Ippml). 
Analyses were performed by CompuChem Environmentel Corporetion, Reseerch Triangle Perk, North Cerolina, using Contrect Leboretory Program (CLP) protocols contained 
in  the Statement of Work (SOW) OLM01.8. and New Jersey modified 418.1 for totel petroleum hydrocarbons (TPH). 
Exceedances of NJDEP criterie ere shown in  bold and ere underlined. 
VOCs Voletile organic compounds. 
FBA Indicates a field blank essocieted with aqueous samples. 
PQL Precticel quantitetion level. 
FR Field replicate of previous sample. 
TB Trip blank. 
U The compound wes enelyzed for, but not detected at the specific detection limit. 
J Estimated result. 
.- No applicable criteria. 
N Presumptive evidence. 
N A Not anelyzed. . 

NJDEP Groundwater Stenderds, New Jersey Register, April 5, 1993. . . Interim generic groundwater quelity criterion. 

GERAGHTY 8 MILLER, INC. 



Page 1 of 8 Table 5-1 2. Semivolatile Organic Compounds in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP 
Groundwater Sample ID: EB1 EB29 EB51 EB68 EBRl3 EBR19 GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01 126195 01 126195 01 125195 01/24/95 01 127195 01 124195 01 I25195 01 125195 01 I25195 01/25/95 01/23/95 

1.2.4-Trichlorobenzene 
1 ,2-Dichlorobenzene 
1,3-Dichlorobenzene 
l,4-Dichlorobenzene 
2,2'-oxybis(1 -chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2.6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
+Methylphenol 
+Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzola)pyrene 
Benzo(b)fluoranthene 
Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
IOU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OU 
2J 
2J 
2J 
2J 
2J 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
IOU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
IOU 
IOU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
IOU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 
25U 
25U 
3J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
3J 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 
25U 
25U 
1J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
IOU 
1 OU 
10UJ 
1 OU 
1 OU 
25U 
25U 
1J 
1 OU 
1 OU 
1 OU 
1 OU 
1J 
1 OU 
1J 

1 OU 
9J 
18 
130 - 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
17 
12 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
IOU . 

1 OU 
25U 
25U 
2J 
1 OU 
1 OU 

1J 
1 OU 
IOU , 

1 OU 
1 OU 

1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OUJ 1 OUJ 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
IOU 1 OU 
1J 2J 
1 OU 1 OU 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
1 OUJ 1 OUJ 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
25U 25U 
7J 1 OU 
1 OU 1 OU 
2J 2J 
2J 5J 
1J 5J 
1J 8J 
1 OU 1 OU 
1J 9J 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25UJ 
IOU , 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
10UJ 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
2J 
25U 
25UJ 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

See last page for footnotes. 
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peg; 2 of 8 Table 5-1 2. Semivoletile Orgenic Compounds in Groundweter Semples Collected During the Phese 1 A Rernediel Investigetion, Beyonne Plarit, Beyonne, New Jersey. 

NJDEP 
Groundweter Sample ID: EB1 EB29 EB51 EB68 EBRl3 EBRIS GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 

Quelity Standerd 
Analyte (uglL) (Higher of POLS) Dete: 01 126195 01 126195 01 125195 01 124195 01 127195 01 124195 01 125195 01 125195 01 125195 01 125195 01 123195 

Butyl benzyl phthalete 
Cerbazole 
Chrysene 
Di-n-butyl phthalete 
Di-n-octyl phthalete 
Dibenz(a,h)enthracene 
Dibenzofuran 
Diethyl phthalete 
Dimethyl phthalete 
fluoranthene 
Fluorene 
Hexachlorobenzene 
Hexachlorobutadiene 
Hexachlorocyclopentediene 
Hexechloroethene 
Indeno(l,2,3-cdlpyrene 
lsophorone 
N-Nitroso-di-n-propylemine 
N-Nitrosodiphenylamine( 1 ) 
Naphthalene 
Nitrobenzene 
Pentachlorophenol 
Phenanthrene 
Phenol 
Pyrene 
bis(2-Chloroethoxy)methene 
bis(2-Ch1oroethyl)ether 
bis(2-Ethylhexyl)phtheIete 

100 -- 
-- 

900 
100 -- 
loo " 
5000 -- 
300 
300 
10 
1 

50 
10 -- 

100 
20 
20 

30 " 
10 
1 

100 * *  
4000 
200 -- 
10 
30 

1 OU 1 OU 
1 OU 1 OU 
3J 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU IOU ' 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
IOU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
IOU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1J 1 OU 
1 OU 1 OU 
1 OU 10UJ 
lOUJ lOUJ 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
2J 1 OU 
1 OU 1 OU 
1 OU 1 OU 
3J 3J 

lOUJ 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
2J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
IOU 
IOU 
4J 

lOUJ 
1 OU 
1 OU 
1J 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
2J 
1 OU 
25U 
1 OU 
1 OU 
2J 
1 OU 
1 ou 
4J 

1 OU 
2J 
IOU 
1 OU 
1 OU 
1 OU 
2J 
1 OU 
1 OU 
1 OU 
1J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
lOUJ 
9J 
1 OU 
25U 
1J 
1 OU 
1 OU 
1 OU 
1 OU 
1J 

lOUJ 
1 OU 
1J 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
2J 
IOU 
1 OU 
1 OU 
1 OU 
1 OU 
IOU . 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1J 
1 OU 
2J 
1 OU 
1 OU 
2J 

1 OUJ 
1 OU 
2J 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
2J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
B9 
1 OU 
25U 
2J 
1 OU 
3J 
1 OU 
1 OU 
4J 

lOUJ 
1 OU 
3J 
1 OU 
lOUJ 
1 OU 
2J 
1J 
1 OU 
3J 
3J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
lOUJ 
3J 
1 OU 
25U 
6J 
1 OU 
5J 
1 OU 
1 OU 
2J 

1 OUJ 
1 OU 
4J 
1 OU 
1 OUJ 
1 OU 
1 OU 
1 OU 
1 OU 
6J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
lOUJ 
2J 
1 OU 
25U 
3J 
1 OU 
8J 
1 OU 
1 OU 
6J 

lOUJ 
IOU 
1 OU 
1 OU 
1 OUJ 
1 OU 
IOU 
IOU 
IOU 
1 OU 
1 OU 
1 OU 
1 ou 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
25U 
1 OU 
1 OU 
1J 
IOU 
1 OU 
10UJ 

Total SVOCs 19 3 6 13 20 11 267 266 43 60 3 

See last page for footnotes. 



Page 3 of 8 Teble 5- 12. Semivoletile Orgenic Compound in Groundwater Sernples Collected During the Phase 1 A Remedial Investigation, Beyonne Plent, Beyonne, New Jersey. 

NJDEP 
Groundwater Semple ID: GMMWS GMMWlO GMMW11 GMMWl3 GMMW14 GMMWIS GMMW17 GMMW19 GMMW2O GMMW2lI 

Quelity Standard 
Analyte (ugA) (Higher of PQLs) Date: 01 123195 01 123195 01 125195 01 127195 01 123195 01124195 01 125195 01 127195 01 I23195 01  126195 

1,2,4-Trichlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1 ,+Dichlorobenzene 
2,2'-oxybis(1 -chloropropene) 
2,4,5-Trichlorophenol 
2,4,8-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2.4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthelene 
2-Chlorophenol 
2-Methylnephthelene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3,3'-Dichlorobenzidine 
3-Nitroeniline 
4.6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroeniline 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroeniline 
QNitrophenol 
Acenephthene 
Acenephthylene 
Anthrecene 
Benzo(e)enthrecene 
Benzo(alpyrene 
Benzo(b)fluorenthene 
Benzo(g, h,i)perylene 
Benzo(k)fluoranthene 

1 OU 
1 OU 
1 OU 
IOU 
lOUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
lOUJ 
25U 
25U 
IOU ' 
1 OU 
lOUJ 
1 OU 
2J 
25U 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
25UJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 ou 
25UJ 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25UJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
lOUJ 1 OU 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
1J 1 OU 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
25U 25U 
1 OU 1 OU 
1 OU 1 OU 
1 OUJ 1 OUJ 
1 OU 1 OU 
1 OU 1 OU 
25U 25U 
25U 25U 
15 1 OU 
1 OU 1 OU 
1 OU 1 OU 
1 OU 2J 
1 OU 2J 
1 OU 2J 
1 OU 1 OU 
1 OU 2J 

1 OU 
1 ou 
IOU 
1 OU 
1 OUJ 
25U 
IOU 
1 OU 
1 OU 
25U 
IOU 
1 OU 
1 OU 
IOU 
IOU 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
2J 
1 OU 
1 OU 
1 OU 
IOU . 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25UJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 
25U 
25UJ 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1J 
1 OU 
1J 

1 OU 
1J 
1 OU 
2J 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
5J 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
lOUJ 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

IOU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
IOU 
25U 
1 OU 
1 OU 
IOU 
1 OU 
2J 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
1 OU 

' IOU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
'TOU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
IOU 
1 OU 
1 OUJ 
1 ou 
2J 
25U 
25U 
1 OU 
1 OU 
1 OU 
2J 
1J 
1J 
1 OU 
1J 

1 OU 
3J  
1 OU 
4J 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
IOU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
2J 
25U 
25U 
1 OU 
1 ou 
1 OU 
1 OU 
1 OU 
1 OU 
IOU 
1 OU 

See lest pege for footnotes. 
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Page 4 of 8 
Table 5-1 2. Semivolatile Organic Compound in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP 
Groundwater Sample ID: GMMWS GMMWlO GMMWl 1 GMMWl3 GMMW14 GMMW15 GMMW17 GMMWIS GMMW2O GMMW2ll 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01/23/95 01 123195 01 125195 01 127195 01 123195 01124195 01 125195 01 127195 01 123195 01 126195 

Butyl b e n d  phthalate 100 1 OUJ 1 OUJ 1 OUJ 1 OU 1 OUJ 1 OUJ 1 OUJ 1 OU -- 1 OUJ 
Carbazole 

1 OUJ 
1 OU 1 OU 3J 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU -- Chrysene 1 OU 1 OU 1 OU 3J 1J 1J 1 OU IOU 2J IOU 

Di-n-butyl phthalate 900 1 OU 1 OU 2J IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Di-n-octyl phthalate loo4 1 OUJ 1 OU lOUJ 1 OU 1 OUJ 1 OUJ lOUJ 1 OU 1 OUJ 1 OUJ 
Dibenz(a,h)anthracene -- 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Dibenzofuran 100 * *  1 OU 1 OU 9J 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Diethyl phthalste 5000 1 OU 1 OU 1J 1 OU IOU 1 OU 1 OU 1 OU 1 OU 1J 
Dimethyl phthalate -- 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Fluoranthena 300 1 OU 1 OU 3J 2J 1 OU 2J 1 OU 1 OU 1J 1 OU 
Fluorene 300 1 OU 1 OU 6J 1 OU 2J 1 OU 1 OU 2J 1 OU 1 OU 
Hexachlorobenzene 10 10U IOU 1 OU IOU 1 OU 1 OU IOU 1 OU 1 OU IOU 
Hexachlorobutadiene 1 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU IOU 
Hexachlorocyclopentadiene 50 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexachloroethane 10 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU IOU 1 OU 1 OU 
Indeno(l,2,3-cdlpyrena -- 1 OU 10U IOU 1 OU 1 OU 1 OU 1 OU IOU 1 OU 1 OU 
leophorone 100 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
N-Nitroso-di-n-propylamine 20 1 OU 1 OU 1 OU 1 OUJ 1 OU 1 OU 1 OU lOUJ 1 OU 1 OU 
N-Nitroeodiphenylamine(1) 20 1 OU IOU 1 OUJ 1 OUJ 1 OU 1 OU 1 OU lOUJ 1 OU lOUJ 
Naphthalene 30 " 1 OU 1 OU IOU 1 OU 16 1 OU 5J IOU 1J 1 OU 
Nitrobenzene 10 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Pentaohlorophenol 1 25U 25U 25U 25U 25U 25U 25U 25U 25U - 3J 
Phenanthrena 100 ' *  IOU 1 OU 1J 1 OU 1J 2J 1 OU 1 OU 2J 1 OU 
Phenol 4000 1 OU IOU 1 OU 1 OU 2J 1 OU W IOU 1 OU 12 
Pyrene 200 1 OU 1 OU 3J 3J 1J 2J 1 OU IOU 2J 1 OU 
bis(2-Chloroethoxy)methene -- 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU IOU 1 OU IOU 
bis(2-Chloroethyl)ether 10 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
bis(2-Ethylhexyl)phthelete 30 lOUJ 1 OU 9J 3J 1 OUJ 8J 3J U 3J 6J 

Total SVOCs 2 0 53 19 25 17 18 6 18 3 1 

See last page for footnotes. 
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Table 5-12. Semivolatile Organic Compound in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

Analyte (uglL) 

1.2.4-Trichlorobenzene 
1.2-Dichlorobenzene 
1,3-Dichlorobenzene 
1,4-Dichlorobenzene 
2.2'-oxybIs(1 -chloropropanel 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthalene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3.3'-Dichlorobenzidine 
3-Nitroaniline 
4,6-Dlnitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroanillne 
4-Chlorophenyl phenyl ether 
4-Methylphenol 
4-Nitroaniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g, h.i)perylene 
Benzo(k)fluoranthene 

NJDEP 
Groundwater Sample ID: GMMW2l D GMMW22D 

Quality Standard 
(Higher of PQLs) Date: 01 124195 01 127195 

IOU 
1 OU 
1 OU 
1 OU 
1 OUJ 
R 
R 
R 
R 
R 
1 OU 
1 OU 
1 OU 
R 
1 OU 
R 
25U 
R 
1 OU 
25U 
R 
1 OU 
R 
1 OUJ 
1 OU 
R 
25U 
R 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

IOU 
1 OU 
1 OU 
1 ou 
1 ou 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 ou 
1 OU 
1 ou 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
15 
25U 
25U 
1 OU 
1 OU 
1 ou 
1 ou 
1 OU 
1 OU 
1 OU 
1 OU 

1 OOU 
1 OOU 
1 OOU 
1 oou 
1 OOU 
250U 
1 OOU 
1 OOU 
1 OOU 
250U 
1 OOU 
1 OOU 
1 OOU 
lOOU 
1 OOU 
1 OOU 
250U 
1 OOU 
lOOU 
250U 
250U 
1 OOU 
1 oou 
1 OOUJ 
1 OOU 
1 OOU 
250U 
250U 
1 OOU 
1 OOU 
1 oou 
1 OOU 
1 OOU 
1 oou 
1 oou 
1 OOU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
5J 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OU 
IOU . 
IOU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 o u  
25U 
1 OU 
IOU 
1 OU 
1 OU 
1 OU 
8J 
25U 
1 ou 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
IOU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
13 
2J 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 80 
25U 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

IOU 
3J 
1 OU 
IOU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
IOU 
1 OU 
1 ou 
1 OU 
9J 
2J 
25U 
1 OU 
10UJ 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 60 
25U 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 ou 
1 ou 
1 OU 
10UJ 
25U 
1 OU 
1 OU 
1 ou 
25U 
1 OU 
IOU 
1 ou 
1 OU 
1 OU 
IOU 
25U 
1 OU 
1OUJ 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 ou 
1 OU 
1 ou 
1 OU 
1 OU 
1 OU 
1 OU 

See last page for footnotes. 
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Page 6 of 8 
Table 5-1 2. Semivolatile Orgenic Compound in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

NJDEP 
Groundwater Sample ID: GMMW2l D GMMW22D GMMW231 GMMW23D GMMW23DFR GMMW241 GMMW24IFR GMMW24D 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01 124195 01 127195 01 126195 01 126195 01 126195 01 124195 01 124195 01  124195 

Butyl benzyl phthalate 100 lOUJ 1 OU 1 OOU 1 OUJ 1 OUJ 1 OUJ 1 OUJ lOUJ 
Carbazole .. 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Chryeene -- IOU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Di-n-butyl phthalate 900 1 OU 1 OU 1 OOU 1 OUJ 1J 1 OU 1 OU 1 OU 
Di-n-octyl phthalate 100. 1 OUJ 1 OU 1 OOU 1 OUJ 1 OUJ lOUJ lOUJ 10UJ 
Dibenz(a, hlanthracene -- 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Dibenzofuran 100 * *  1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Diethyl phthalate 5000 1 OU 1J lOOU IOU 1 OU 1 OU 1 OU 1 OU 
Dirnethyl phthalate .- 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Fluorsnthene 300 1 OU 1 OU l00U 1 OU 1 OU IOU 1 OU IOU 
Fluorene 300 1 OU 1 OU l00U 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexachlorobenzene 10 1 OU 1 OU 1 OOU IOU 1 OU 1 OU 1 OU 1 OU 
Hexachlorobutadiene 1 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU IOU 1 OU 
Hexachlorocyclopentadiene 50 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexachloroethane 10 1 OU 1 OU 1 OOU 1 OU 1 OU IOU 1 OU 1 OU 
Indeno(l.2,3-cd)pyrene -- 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
lsophorone 100 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
N-Nitroso-di-n-propylemine 20 1 OU 1 OUJ 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
N-Nitrosodiphenylemine(1) 20 lOUJ lOUJ 1 00UJ 1 OUJ 10UJ 1 OU 1 OU 1 OU 
Naphthalene 30 " 2J 1 OU 1 OOU 1J 1J 23 17 1 OU 
Nitrobenzene 10 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Pentachtorophenot 1 R 25U 250U 25U 25U 25U - 9J 25U 
Phenanthrene 100 * *  1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Phenol 4000 R 7J 1 OJ 49 48J 2 1 14 IOU 
Pyrene 200 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU IOU 
bis(2-Chloroethoxy)methene -- 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
bis(2-Ch1oroethyl)ether 10 1 OU 1 OU 1 OOU 1 OU 1 OU 1 OU 1 OU 1 OU 
bis(2-Ethylhexyl)phthalate 30 2J 11 1 OOU 9J 11J lOUJ 12J 9J 

Total SVOCs 4 34 10 64 133 239 226 9 

See last page for footnotes. 
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Page 7 of 8 Table 5-1 2. Semivolatile Organic Compound in Groundweter Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP 
Groundwater Semple ID: MW6 MW9 MW10 PKMW-4 FBA1-012395 FBA2-012495 FBA3-012595 FBA4-012695 FBA5-012795 

Quality Standard 
Anaiyte (ugk) (Higher of PQLs) Date: 01 124195 01  I24195 01  I23195 01 I27195 01 123195 01  125195 01  126195 01  124195 01 127195 

1,2,4-Trlchlorobenzene 
1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1.4-Dichlorobenzene 
2,2'-oxybis(1 -chloropropane) 
2,4,5-Trichlorophenol 
2,4,6-Trichlorophenol 
2,4-Dichlorophenoi 
2,4-Dimethylphenol 
2,4-Dinitrophenol 
2,4-Dinitrotoluene 
2,6-Dinitrotoluene 
2-Chloronaphthelene 
2-Chlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
2-Nitroaniline 
2-Nitrophenol 
3.3'-Diohlorobenzidine 
3-Nitroaniline 
4,6-Dinitro-2-methylphenol 
4-Bromophenyl phenyl ether 
4-Chloro-3-methylphenol 
4-Chloroaniline 
4-Chlorophenyl phenyl ether 
CMethylphenol 
4-Nitroeniline 
4-Nitrophenol 
Acenaphthene 
Acenaphthylene 
Anthracene 
Benzo(a)anthrecene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k1fluoranthene 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 4  
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
22 
1 OU 
25U 
1 OU 
10UJ 
2 5 U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
56 
25U 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
1 OU 
8J 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
10UJ 
1 OU 
IOU 
25U 
25U 
8J 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
1 OU 

1 OU 
1 OU 
1 OU 
1 OU 
1 OUJ 
25U 
1 OU 
1 OU 

25U 
1 OU 
1 OU 
1 OU 
1 OU 
31 0 - 
1 OU 
25U 
1 OU 
1 OUJ 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
14 
1 OU 
1 OU 
1J 
IOU 
1J 
1 ou 
1J 

1 OU 
1 OU 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
25U 
1 OU 
1 OU 
1 OU 
IOU 
15 
1 OU 
25U 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OUJ 
1 OU 
1 OU 
25U 
25U 
1 OU 
1 OU 
1 OU 
2J 
2J 
2J 
1 OU 
2J 

See last page for footnotes. 

GERAGHTY ~5' MILLER, INC. 



~ a g d  8 of 8 Table 5-1 2. Semivolatile Organic Compound in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne. New Jersey. 

NJDEP ' 
Groundwater Sample ID: MW6 MW9 MW10 PKMW-4 FBA1-012395 FBA2-012495 FBA3-012595 FBA4-012695 FBA5-012795 

Quality Standard 
Analyte (ugR) (Higher of PQLs) Date: 01 124195 01/24/95 01/23/95 01 /27/95 01/23/95 01 124195 01 125/95 01 126195 01 127195 

Butyl benzyl phthalate 100 1 OUJ lOUJ lOUJ IOU 1 OU 1 OU IOU 1 OU 
-. 1 OU 

Carbazole 1 OU IOU 4J 1 OU 1 OU 1 OU 1 OU 1 OU -- 1 OU 
Chrysene 1 OU IOU 1J 3J 1 OU 1 OU 1 OU 1 OU 1 OU 
Di-n-butyl phthalate 900 IOU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Di-n-octyl phthalate 100' 1 OUJ lOUJ lOUJ IOU 1 OU 1 OU 1 OU 1 OU 1 OU 

.- Dibenz(s,h)anthracene 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Dibenzofuran 100 " 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Diethyl phthalate 5000 1 OU IOU IOU 1 OU IOU 1J 1 OU 1 OU 1 OU 
Dimethyl phthalate -- 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Fluoranthene 300 1 OU IOU 3J 1J 1 OU IOU 1 OU 1 OU 1 OU 
Fluorene 300 1 OU 13 19 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexachlorobenzene 10 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexachlorobutadiene 1 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexschlorocyclopentadiene 50 1 OU IOU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Hexachloroethane 10 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Indeno(l,2,3-cd)pyrene -- 1 OU IOU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 
lsophorone 100 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
N-Nitroso-di-n-propylamine 20 IOU IOU IOU 10UJ IOU 1 OU 1 OU 1 OU 1 OU 
N-Nitrosodiphenylamine(1) 20 1 OU IOU IOU lOUJ IOU 1 OU 1 OU 1 OU 1 OU 
Naphthalene 30 " - 180 lOU 73 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
Nitrobenzene 10 1 OU IOU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 
Pentachlorophenol 1 25U 25U 25U 25U 25U 25U 25U 25U 25U 
Phenanthrene 100 " 1 OU 16 3 2 1J 1 OU 1 OU 1 OU 1 OU 1 OU 
Phenol 4000 10 15 1 OU IOU 1 OU IOU 1 OU 1 OU 1 OU 
Pyrene 200 1 OU 1J 5J 2J 1 OU 1 OU 1 OU 1 OU 1 OU 
bis(2-Chloroethoxy)methane .- 1 OU IOU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 
bis(2-Ch1oroethyl)ether 10 1 OU IOU IOU 1 OU 1 OU 1 OU 1 OU 1 OU 1 OU 
bis(2-Ethy1hexyl)phthalate 30 1 OUJ 3J 16J 14 1 OU 1 OU 1 OU 1 OU 1 OU 

Total SVOCs 282 64 590 44 0 1 0 0 0 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criteria in micrograms per liter (uglL) (equivalent to parts per billion Ippbl). 
Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North Carolina, using Contract Laboratory Program (CLP) protocols contained in the 
Statement of Work (SOW) OLM01.8. 
Exceedances of NJDEP criteria are shown in bold and are underlined. 
FB A Indicates a field blank associated with aqueous samples. 
PQL Practical quantitation level. 
FR Field replicate of previous sample. 
U The compound was analyzed for, but not detected at the specified detection limit. 
J Estimated result. 
R Rejected result. -- No applicable criteria. 
SVOC Semivolatile organic compound. 
s NJDEP Groundwater Standards, New Jersey Register, April 5, 1993. 
t t  . Interim generic groundwater quality criterion. 
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Page 1 of 4 
Table 5-1 3. Pesticide end Polychlorineted Biphenyl Compounds in Groundweter Semples Collected During the Phese IA Remedial Investigetion, Beyonne Plant, Beyonne, New Jersey, 

NJDEP* 
Groundwater Sample ID: EB1 EB29 EB51 EB68 EBR13 EBRl9 GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01 126195 01 126195 01 125195 01/24/95 01 127195 01 124195 01 125195 01 125195 01 125195 01 125195 01 123195 

4,4'-ODD 
4,4'-ODE 
4.4'-DDT 
Aldrin 
Aroclor-1 01 6 
Aroclor- 1221 
Aroclor-1232 
Aroclor- 1 242 
Aroclor- 1 248 
Aroclor- 1254 
Aroclor- 1260 
Dieldrin 
Endosulfen I 
Endosulfen I1 
Endosulfen sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptechlor 
Heptechlor epoxide 
Methoxychlor 
Toxephene 
alpha-BHC 
alphe-Chlordane 
beta-BHC 
delta-EHC 

0.1UJ 
0.1 UJ 
0.1 UJ 
0.05UJ 
1 UJ 
2UJ 
1 UJ 
1 UJ 
1 UJ 
IUJ 
1 UJ 
0.lUJ 
0.05UJ. 
0.1 UJ 
0.1 UJ 
0.1 UJ. 
0.1UJ 
0.1 UJ 
0.05UJ 
0.05UJ 
00.5UJ 
5UJ 
0.05UJ 
0.05UJ 
0.05UJ 
0.05UJ 
0.05UJ 
0.05UJ 

- -- 

See lest page for footnotes. 
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Page 2 of 4 
 able 5-1 3. pesticide and ~dychlorinated Biphenyl Compounds in Groundwater Semples Collected During the Phase IA Remediel Investigetion, Bayonne Plant, Beyonne, New Jersey. 

NJDEP* 
Groundweter Sample ID: GMMW9 GMMW10 GMMW11 GMMW13 GMMW14 GMMW15 GMMW17 GMMWl9 GMMW2O GMMWZll 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01 123195 01 123195 01 125195 01 127195 01 123195 01 124195 01 125195 01  127195 01 123195 01/26/95 

4,4'-ODD 0.1 0.1UJ 0.1UJ 0.12UJ 0.lUJ 0.lUJ O.1UJ 0.1U 0.lUJ 0.1UJ 0.1 UJ 
4,4'-DDE 0.1 0.1UJ 0.1UJ O.12UJ 0.1UJ 0.1UJ 0.1UJ 0.069J 0.lUJ 0.lUJ 0.1UJ 
4,4'-DDT 0.1 0.lUJ 0.1UJ 0.12UJ 0.lUJ 0.lUJ 0.1UJ o.'12 0.1UJ 0.lUJ 0.1 UJ 
Aldrin 0.04 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 
Aroclor-1 01 6 0.5 1UJ 1 UJ 1.2UJ IUJ  1 UJ IUJ  1 U 1 UJ 1 UJ 1 UJ 
Aroclor-1221 0.5 2UJ 2UJ 2.4UJ 2UJ 2UJ 2UJ 2U 2UJ 2UJ 2UJ 
Aroclor-1232 0.5 1 UJ 1 UJ 1.2UJ IUJ  1 UJ 1 UJ 1 U 1 UJ 1 UJ 1 UJ 
Aroclor-1242 0.5 1 UJ 1 UJ 1.2UJ 1UJ 1 UJ 1 UJ 1 U 1 UJ 1 UJ 1 UJ 
Aroclor-1248 0.5 1 UJ 1 UJ 1.2UJ 1UJ 1 UJ 1 UJ 1 U 1 UJ 1 UJ 1 UJ 
Aroclor-1254 0.5 1 UJ 1UJ 1.2UJ 1UJ 1UJ 1 UJ 1 U 1 UJ 1 UJ 1 UJ 
Aroclor-1260 0.5 1UJ 1 UJ 1.2UJ 1UJ 1UJ 1 UJ 1 U 1 UJ 1 UJ 1 UJ 
Dieldrin 0.03 0.1UJ 0.1UJ 0.12UJ 0.1UJ 0.lUJ 0.1UJ 0.1U 0.1UJ 0.lUJ 0.1UJ 
Endosulfan I 0.4 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 

Endosulfan I1 0.4 0.lUJ 0.1UJ 0.12UJ 0.lUJ 0.1UJ 0.1UJ 0.1U 0.lUJ 0.lUJ 0.1 UJ 
Endosulfan sulfate 0.4 0.lUJ 0. lUJ 0.12UJ 0.lUJ 0.lUJ 0.lUJ 0.1U 0.1UJ 0.lUJ 0.1 UJ 

Endrin 2 0.1UJ 0. lUJ 0.12UJ 0.lUJ 0.lUJ 0.lUJ 0.1U 0.1UJ 0.lUJ 0.lUJ 

Endrin aldehyde -- 0.lUJ 0.lUJ 0.12UJ 0.lUJ 0.1UJ 0.lUJ 0.1U 0.1UJ 0.1UJ 0.1UJ 

Endrin ketone -- 0. lUJ 0.1UJ 0.12UJ 0.lUJ 0.lUJ 0.lUJ 0.1U 0.lUJ 0.lUJ 0.1 UJ 

Heptachlor 0.4 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.059 0.05UJ 0.05UJ 0.05UJ 
Heptechlor epoxida 0.2 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 
Methoxychlor 40 0.5UJ 0.5UJ 0.59UJ 0.5UJ 0.5UJ 0.5UJ 0.5U 0.5UJ 0.5UJ 0.5UJ 

Toxephane 3 5UJ 5UJ 5.9UJ 5UJ 5UJ 5UJ 5U 5UJ 5UJ 5UJ 

alphe-BHC 0.02 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 6J 
alpha-Chlordane 0.5 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 

beta-BHC 0.2 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 

delte-BHC -- 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 3.8J 

gamme-BHC (Lindenel 0.2 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.06UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 

gamma-Chlordane 0.5 0.05UJ 0.05UJ 0.059UJ 0.05UJ 0.05UJ 0.05UJ 0.05U 0.05UJ 0.05UJ 0.05UJ 

See last page for footnotes. 
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Table 5-1 3. Pesticide and Polychlorinated Biphenyl Compounds in Groundwe'ter Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey, 

NJDEP' 
Groundwater Sample ID: GMMW21D GMMW22D GMMW231 GMMW23D GMMW23DFR GMMW241 GMMW24IFR GMMW24D MW6 MW9 

Quality Standard 
Anelyte (ug/L) (Higher of PQLs) Date: 91  124195 01 127195 01 126195 01 I26195 01 126195 01 124195 01 124195 01 124195 01 124135 01124135 

4,4'-DDD 
4,4'-DDE 
4,4'-DDT 
Aldrin 
Aroclor-1 01 6 
Aroclor-1221 
Aroclor-1232 
Aroclor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
EndosulfanJ 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin aldehyde 
Endrin ketone 
Heptachlor 
Heptachlor epoxide 
Methoxychlor 
Toxaphene 
alpha-BHC 
alpha-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 

See last page for footnotes. 
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Page 4 of 4 
Table 5-1 3 -  Pesticide end Pol~chlorineted Biphenyl Compounds in  Groundwater Samples Collected During the Phese IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP* 
Groundwater Sample ID: M W l O  PKMW-4 FBA1-012395 FBA2-012495 FBA3-012595 FBA4-012895 FBA5-012795 

Quality Standard 
Analyta (ug/L) (Higher of  POLS) Dete: 0 1  123195 01 127/95 01 123195 0 1  124195 01125/95 0 1  128195 01/27/95 

4,4'-DDD 
4.4'-DDE 
4.4'-DDT 
Aldrin 
Aroclor-1018 
Aroclor-1221 
Aroclor-1232 
Aroolor-1242 
Aroclor-1248 
Aroclor-1254 
Aroclor-1260 
Dieldrin 
Endosulfan I 
Endosulfan II 
Endosulfan sulfate 
Endrin 
Endrin eldehyde 
Endrin ketone 
Heptachlor 
Heptachlor apoxide 
Mathoxychlor 
Toxaphena 
alphe-BHC 
alphe-Chlordane 
beta-BHC 
delta-BHC 
gamma-BHC (Lindane) 
gamma-Chlordane 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criterie in  micrograms per liter (uglL) (equivalent to parts per billion lppbl). 
Analyses were performed by  CompuChem Environmental Corporation, Research Triengle Perk, North Cerolina, using Contract Laboratory Program (CLP) protocols contained 
i n  the Statement of Work (SOW) OLM01.8. 
Excaedancas of NJDEP criteria are shown in  bold end are underlined. 
FBA Indicates a field blenk associeted with aqueous samples. 
PQL Practical quantitation level. 
FR Field replicate of previous semple. 
U The compound was enalyzed for, but not detected at the specific detection limit. 
J Estimated result. 
R Rejected result. 
-- No applicable criteria. 

NJDEP Groundwater Standards, New Jersey Register, April 5, 1993. GERAGHTY fl MILLER, INC, 



Table 5-14. Dissolved Metals in Groundwater Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 
Page 1 of 4 

NJDEP 
Groundwater Sample ID: EB1 €029 EB51 EB68 EBR13 EBRIS GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 GMMW9 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01 126195 01 126195 01 125195 01 124195 01 127195 01 124195 01 125195 01 125195 01 125195 01 125195 01 123195 01 123195 

Aluminum 
Antimony 
Arsenio 
Berium 
Beryllium 
Cedmium 
Celcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Palladium 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Hexavelent chromium -- R R R 50UJ R 50UJ 50UJ 50UJ R R 50UJ 50UJ 

See lest page for footnotes. 
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Table 5-14. Dissolved Metals in Groundweter Samples Collected During the Phase 1A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 
Pagb 2 of 4 

NJDEP 
Groundwater Sample ID: GMMW10 GMMW11 GMMW13 GMMW14 GMMW15 GMMW17 GMMW19 GMMW2O GMMW211 GMMW2lD GMMW22D 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 01 123195 01 125195 01 127195 01 123195 01 124195 01 125195 01 127195 01 123195 01 126195 01 124195 01 127195 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Menganese 
Mercury 
Molybdenum 
Nickel 
Palladium 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

94.9UJ 
79.4U 
29705 - 
67.9J 
74.6U 
83.2U 
1260U 
83.2U 
83U 
69.7U 
l20U 

933U 
81.5UJ 
0.2U 
13U 
81.4U 
16.9UJ 
341 U 
27UJ 
7.4UJ 
1 1 OOU 
R 
79.7U 
77.2U 

Hexevelent chromium 50 50UJ R R 50UJ 50UJ 330J R 50UJ R R R 

See last page for footnotes. 
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Table 5-1 4.  iss solved Metals in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP ' 
Groundwater Sample ID: GMMW231 GMMW23D GMMW23DFR GMMW241 GMMW24IFR GMMW24D MW6 MW9 MWlO 

Quality Standard 
Analyte (uglL) (Higher of PQLs) Date: 0 1/26/95 01  126195 01  126195 01  124195 0 1/24/95 0 1/24/95 0 1/24/95 0 1/24/95 01  123195 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Palladium 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Hexavalent chromium - R R R 50UJ 50UJ 50UJ 50UJ 50UJ 50UJ 

See last page for footnotes. 
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Page 4 of 4 
Table 5-14. Dissolved Metals in Groundwater Samples Collected During the Phase 1 A Remedial Investigation, Bayonne Plant, Beyonne, New Jersey. 

NJDEP 
Groundwater Sample ID: PKMW-4 FBA1-012395 FBA2-012495 FBA3-012595 FBA4-012695 FBA5-012795 

Quality Standard 
Anal fl e (u g /L) (Hi g her of PQLs) Date: 01/27/95 0 1  /23/95 0 1  124195 0 1  I25195 01 126195 01127195 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cedmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Palladium 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Hexavalent chromium 50 R 50U SOU 50U SOU SOU 

Anelyte concentrations end New Jersey Department of Environmental Protection (NJDEP) criteria in micrograms per liter (uglL) (equivalent to parts per billion Ippbll. 
Analyses were performed by CompuChem Environmentel Corporation, Research Triangle Park, North Caroline, using Contract Laboratory Program (CLP) protocols co 
Statement of Work (SOW) ILM03.0. 
Exceedances of NJDEP criteria are shown in bold and are underlined. 
FB A Indicates a field blank associated with aqueous samples. 
FR Field replicate of previous sample. 
U The compound was analyzed for but not detected at the specified detection limit. 
J Estimated result. 
-- No applicable criteria. 

R Rejected result. 
NJDEP Groundwater Standards, New Jersey Register, April 5, 1993. .. . Interim generic groundwater quality criterion. 
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Tabla 5-1 5. Total Metals and Cyanide in Groundwater Samples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Bayonne, New Jersey. 

NJDEP 
Groundwater Sample ID: EBO1 EB29 EB51 EB68 EBRl3 EBR19 GMMW2 GMMW3 GMMW4 GMMW6 GMMW8 GMMW9 GMMWlO 

Quality Standard 
Analyte (ug/L) (Higher of PQLs) Date: 0 1  126195 0 1  126l95 01  125195 01  124195 01  127195 01  124195 01  125195 0 1  125/95 01  125195 01  125195 0 1  123195 01  123195 01 123195 

Aluminum 
Antimony 
Arsenic 
Berium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

200 
20 
8 

2000 
20  
4 
-- 
-- 

loo*'' 
1000 
200 
300  
10 
-. 

5 0  
2 

100 
-- 
5 0  .- 

50000 
10 

100'"' 
5000 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
1 OUJ 
9590J - 
N A 
N A 
6035 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
1 OUJ 
4540W - 
N A 
N A 
4 8 W  - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
1 OUJ 
46000 - 
N A 
N A 
243 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
1 OUJ 
146000 - 
N A 
N A 
1140 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

See last page for footnotes. 
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Table 6-1 5. Total Matala and Cyanide in  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP 
Groundwater Sample ID: GMMWI 1 GMMW13 G M M W l 4  GMMW15 GMMW17 GMMW19 GMMW2O GMMW2l I  GMMW2lD GMMW22D GMMW231 

Quality Standard 
Analyte (uglL) (Higher of PQLsj Date: 01  125195 01  127195 01  123195 01  124195 01  I25195 01  127195 01  123195 01  126195 0 1  124195 01  127195 01  126195 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potaaaium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zino 

See last page for footnotes. 
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Table 5-15. Total Metals and Cyanide in  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP ' 
Groundwater Sample ID: GMMW23D GMMW23DFR GMMW241 GMMW24IFR GMMW24D MW6 MW9 MWlO PKMW-4 FBA001-012395 

Quality Standard 
Analyte (uglL) (Higher of POLS) Date: 01 126195 01  126195 01  124195 01 124195 01 124195 01 124195 01 124195 01 123195 01 127195 01  123195 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cedmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
lOUJ 
3920 - 
N A 
N A 
790 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
1 OUJ 
319W - 
N A 
N A 
81 7J - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
lOUJ 
1710 - 
N A 
N A 
90.4 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
lOUJ 
69700 - 
N A 
N A 
760 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
lOUJ 
10900 - 
N A 
N A 

281 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
lOUJ 
7620 - 
N A 
N A 
79 - 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 
N A 

See last page for footnotes. 
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Table 5-15. Total Metals and Cyanide i n  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, New Jersey. 
Page 4 of 4 

NJDEP 
Groundwater Sample ID: FBA002-012495 FBA003-012595 FBA004-012695 FBA005-012795 

Quality Standard 
Analyte (ugfl) (Higher of PQLs) Date: 0 1  I24195 01  125195 01  126195 0 1  127195 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Cyanide 
Iron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 
Vanadium 
Zinc 

Analyte concentrations and New Jersey Department of Environmentel Protection (NJDEP) criterie i n  microgrems per liter (ug/L) (equivalent to parts per billion Ippbl). 
Analyses were performed by CompuChem Environmental Corporation, Research Triangle Park, North Carolina, using Contract Laboratory Progrem (CLP) protocols contained i n  the 
Statement of Work (SOW) ILM03.0. 
Exceedances of NJDEP criteria are shown in  bold and are underlined. 
FBA Indicates a field blank associated with aqueous samples. 
PQL Practical quantitation level. 
FR Field replicate of previous sample. 
U The compound was analyzed for, but not detected at the specified detection limit. 
J Estimated result. 
-- No applicable criteria. 

N A Not analwed. 
i NJDEP Groundwater Standards, New Jersey Register, April 5, 1993. . • Interim generic groundwater quality criterion. 
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Table 5-1 6. Wet Chemistry, Intrinsic Biologicel Parameters, and Dissolved Gases in Groundweter Samples Collected During the Phese IA Remediel Investigation, Bayonne Plant, Bayonne, New Jersey. 

NJDEP Semple ID: EB1 EB29 EB51 EB68 EBRl3 EBR19 GMMW2 GMMW3 GMMW8 GMMWS GMMWlO GMMWll 
Groundwater 

Quality Standards 
Analyte (mglL) (Higher of PQLs) Date: 01 126195 01 126195 01 125195 01 124195 01 127195 01 124195 01 125195 01 125195 01 123195 01 123195 01 123195 01 125195 

Ammonia 
BOD, 5-day total 
Carbon dioxide 
Carbon monoxide 
Chemical oxygen demand 
Chloride 
Methane 
Nitrate-N 
Nitrogen dioxide 
Total organic carbon 
Dissolved oxygen 
Sulfate 
Sulfide, low 
Total dissolved solids 
Total alkalinity 
Total phosphorus 

See last page for footnotes. 
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Table 5-1 6. Wet Chemietw, Intrinsic Biological Parametere, and Dissolved Gasea in Groundwater Samples Collected During the Phase IA Remedial Inveatigation, Bayonne Plant, Beyonne, New Jeraey, 

NJDEP Sample ID: GMMWl3 GMMW14 GMMW15 GMMW17 GMMW2l l GMMW2l D GMMW22D GMMW231 GMMW23D GMMW23DFR 
Groundwater 

Quality Standards 
Analyte (mglL) (Higher of PQLa) Date: 01 127195 01 123195 01 124195 01 125195 01 126195 01 124195 01 127195 01 126195 01 126195 01 126195 

Ammonia 
BOD, Cday total 
Carbon dioxide 
Carbon monoxide 
Chemical oxygen demand 
Chloride 
Methane 
Nitrate-N 
Nitrogen dioxide 
Total organic carbon 
Diaeolved oxygen 
Sulfate 
Sulfide, low 
Total diaaolvad eolida 
Total alkalinity 
Total phoapho~a 

See laet page for footnotea. 
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Table 5-16. Wet Chemistry, Intrinsic Biological Parameters, and Dissolved Gases in Groundwater Samples Collected During the Phase IA Remedial Investigetion, Beyonne Plant, Beyonne, New Jersey. 

NJDEP ' Sample ID: GMMW241 GMMW24IFR GMMW24D MW6 MW9 MWlO PKMW-4 FBA1-012395 FBA2-012495 
Groundwater 

Quality Standards 
Analyte (mglL) (Higher of POLS) Date: 01 124195 01 124195 01 124195 01 124195 01 124195 01 123195 01 127195 01/23/95 01 124195 

Ammonia 
BOD, 5-day total 
Carbon dioxide 
Carbon monoxide 
Chemical oxygen demand 
Chloride 
Methane 
Nitrate-N 
Nitrogen dioxide 
Total organic carbon 
Dissolved oxygen 
Sulfate 
Sulfide, low 
Total dissolved solids 
Total alkalinity 
Total phosphorus 

See last page for footnotes. 
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Table 5-1 6. Wet Chemistry, Intrinsic Biological Parameters, and Dissolved Gases in Groundwater Samples Collected During the Phue  IA Remedial Investigation, k y o n n b  Want, Bayonna, New Jersey. 

NJDEP ' Sample ID: FBA3-012595 FBA4-012695 FBA5-012795 
Groundwater 

Quality Standards 
Analyte (mg/L) (Higher of PQLs) Date: 01  125195 0 1  126195 0 1/27/95 

Ammonia 
BOD, 5-day total 
Carbon dioxide 
Carbon monoxide 
Chemical oxygen demand 
Chloride 
Methane 
Nitrate-N 
Nitrogen dioxide 
Total organic carbon 
Dissolved oxygen 
Sulfate 
Sulfide, low 
Total dissolved solids 
Total alkalinity 
Total phosphorus 

Analyte concentrations and New Jersey Department of Environmental Protection (NJDEP) criteria in milligrams per liter (mg/L) (equivalent to parts per million (ppml). 
Analyses were performed by Compuchem Environmental Corporation of Research Park Triangle, North Carolina, using standard United States Environmental Protection Agency (USEPA) methodology. 
Exceedances of the NJDEP criteria are shown in bold and are underlined. 
FB A Indicates a field blank associated with aqueous samples. 
PQL Practical quantitation level. 
FR Field replicate of previous sample. 
U The compound was analyzed for, but not detected at the specified detection limit. 
J Estimated result. 
N A Not analyzed. 
-- No applicable criteria. . NJDEP Groundwater Standards, New Jersey Register, April 5, 1993. 

Indicates a value reported by the laboratory where concentrations of chlorides andlor sulfates exceed the reported TDS concentration. These values are considered suspect. 
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Table 5-1 7. Summary of Detected Concentrations of All Constituents in  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, 

New Jersey. 

4 

Geometric Percent of Number of Samples Percent of Samples 
Minimum Mean Maximum Number of Number of Samples with Exceeding NJDEP Exceeding NJDEP 

Quantifiable Quantifiable Quantifiable Quantifiable Samples Quantifiable Groundwater Quality Groundwater Quality 
Constituent Concentration Concentration Concentration Concentrations Analyzed Concentrations Criteria Criteria 

Volatile Oraanic Corn~ounds (urrR1 

Total) 

2-Butanone 
Acetone 
Benzene 
Bromodichloromethane 
Chlawbenzene. 
Chloroethane 
CMerdorm 
Ethylbenzene 
Hexane 
Methyl-t-butyl ether 
Methylone chloride 
Tetrschloroethene 
Toluene 
Tdchloroethene 
Vinyl chloride 
Xylenes (Total) 
n-Propylbenzene 

Semivolatile Oraanic Com~ounds (uoA) 

1,2-Dichlorobenzene 
1,3-Dichlorobenzene 
1 ,4-Diohlorobenzene 
2,4-Dichlorophenol 
2,4-Dimethylphenol 
2-C hlorophenol 
2-Methylnaphthalene 
2-Methylphenol 
4-Methylphenol 
Acanaphthene 
Anthracene 
Benzo(a)anthracene 
- - - 

See last page for footnotes. 
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Peg6 2 of 4 
Table 5-1 7. Summary of Detected Concentrations of All Constituents i n  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonne Plant, Bayonne, 

New Jersey. 

Constituent 

Geometric Percent of Number of Samples Percent of Samples 
Minimum Mean Maximum Number of Number of Samples with Exceeding NJDEP Exceeding NJDEP 

Quantifiable Quantifiable Quantifiable Quantifiable Samples Quantifiable Groundwater Quality Groundwater Quality 
Concentration Concentretion Concentration concentrations Analyzed Concentrations Criteria Criteria 

Semivolatile Oraanic Com~ounds (continued) (udL1 

Benzo(a)pyrene 
Benzo(b)fluorenthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Carbarole 
Chrysens 
Di-n-butyl phthalate 
Dibenzofuran 
Diethyl phthalata 
fluoranthene 
fluorene 
Indeno(l,2,3-cdlpyrene 
Naphthalene 
Pentechlorophenol 
Phenanthrene 
Phenol 
Pyrane 
bis(2-Ethylhexyl)phthalate 

4,4'-DDE 
4,4'-DDT 
alpha-BHC 
alpha-chlordane 
delta-BHC 

Inoraanics - Total (ualL1 

Aluminum 
Antimony 
Arsenic 
Barium 
Calcium 
Chromium 
Cobalt 
-- 

See last page for footnotes. 
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Page 3 of 4 
Table 5-1 7. Summery of Detected Concentretions of All Constituents in  Groundweter Semples Collected During the Phase IA Remedial Investigation, Beyonne Plant, Beyonne, 

New Jersey. 

Constituent 

Geometric Percent of Number of Samples Percent of Samples 
Minimum Mean Maximum Number of Number of Samples with Exceeding NJDEP Exceeding NJDEP 

Quantifiable Quantifiable Quantifiable Quantifiable ' Samples Quantifiable Groundwater Quality Groundweter Quality 
concentration Concentration Concentration Concentretions Analyzed Concentretions Criteria Criteria 

Inoraanics - Total (ualL1 (continued) 

Copper 
Cyanide 
lron 
Lead 
Magnesium 
Manganese 
Mercury 
Nickel 
Potaasium 
Selenium 
Sodium 
Vanadium 
Zinc 

Inoraenics - Dissolved (ualL1 

Aluminum 
Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Hexavalent chromium 
lron 
Lead 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Nickel 
Palladium 
Potassium 

See last page for footnotes. 
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Table 5-1 7. Summary of  Detected Concentrations of All Constituents in  Groundwater Samples Collected During the Phase IA Remedial Investigation, Bayonna Plant, Bayonne, 

New Jersey. 

Constituent 

Geometric Percent of Number of Samples Percent of Samples 
Minimum Mean Maximum Number of Number of Samples with Exceeding NJDEP Exceeding NJDEP 

Quantifiable Quantifiable Quantifiable Quantifiable Samples Quantifiable Groundwater Quality Groundwater Quality 
Concentration Concentration Concentration Concentrations Analyzed Concentrations Criteria Criteria 

Inoraanics - Dissolved (ualU (continued) 

Selenium 
Sodium 
Vanadium 
Zino 

Miscellaneous lnoraanic Parameters (maIL1 

Ammonia 
BOD, 5 Day Total 
Carbon Dioxide 
Chemical Oxygen Demand 
Chloride 
Methane 
Nitrate-N 
Nitrogen Dioxide 
Organic Carbon 
Dissolved Oxygen 
Sulfate 
Sulfide, Low 
Total Dissolved Solids 
Total Alkalinity 
Total Phosphorus 

Ranges of concentrations and exceedances do not inlcude quality assurancelquality control samples such as replicates, field blanks, and matrix spikelmatrix spike duplicates. 

NJDEP New Jersey Department of Environmental Protection. 
PCBs Polychlorinated biphenyls. 
mglL  Milligrams per liter (equivalent to parts per million (ppml). 
uglL Micrograms per liter (equivalent to parts per billion Ippbl). 
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Tlbk 6-1. Physiccll md Chanical Propc~ties of Ogaaic Coostitucata of Concern, Bay-, N w  Jersey. 

Henry's ~3r~mdwl(cr Soil 
Molecular Water v ~ p o r  Law CoDstant TYJ ' T YJ 

Wei@ Solubility Spbcic Prcssurc (ah-m'ImoI) Diffiuivity Kac Low High Low High 
(glmoI) (mgIL 25 O C )  &avity (mm Hg 25 O C )  CU "C) (cm'lsec) ( d g )  K w  (day 8)  (day s) 

v o c s  - 
Accta~e 58 miscible 0.79 2.7B+02 3.97E-05 0.11498 0.37 -0.24 2 -  14 1 -  7 
Benzme 78 1,780 0.88 9.5E+01 5.48EO3 0.09320 49 - 100 1.56- 2.15 10 - 720 5 - 16 
2-B-e 72 239,000 0.80 l.OE+02 4.66E-05 0.08944 1.2 0.26 - 0.29 2 -  14 1 -  7 
Chl-~ 113 295 - 500 1.1 1.2E+OI 4.45E-03 0.07193 48 - 331 2.71 -2.98 136 - 300 68 - 150 
Chl~rof~rm 119 7,222 - 9,600 1.48 2.0E+02 3.2OE-03 0.08868 44 1.90- 1.97 56 - 1,825 28 - 180 
D i c h l o r o b r r m ~ e  164 4,700 1.99 5.0E+01 (20 'C) 2.12E-01 0.08%6 62 1.88 ND ND 
c i a - l , 2 - D i c h l h e  97 3,500 1.28 2.0E+02 3.37E-03 0.09980 49 1.86 56 - 2,850 28 - 180 
hmr-1,2-Dichlomctbcme 97 6,300 1.25 2.7E+02 (20 O C )  6.74B03 0,09980 59 2.09 56 - 2,850 28 - 180 
E ~ Y ~ ~ ~ Z K U I C  106 152 - 208 0.87 9.5E+00 8.68E-03 0.06667 95-260 3.05-3.15 6 - 228 3 - 10 
Mcthylcae chloride 85 13,000 - 16,700 1.32 4.4E+02 - 4,6E+02 2.69EO3 0.08500 8 -7 1.25-1.30 1 4 -  56 7 -  28 
T e t n c h l o ~ e  166 150 - 485 1.6 1.9E+01 2.87E-03 0.07401 210 - 363 2.1 - 2.88 360 - 730 180 - 365 
Trichlomcrbenc 131 1,100- 1,500 1.46 7.3E+01 9.9%-03 0.08116 65 -126 2.29 -3.30 321 - 1,643 180 - 365 
Vinyl chloride 63 1,100 - 2,700 0.91 2.7E+03 5.60E-02 0.10726 2.5 0.60 56 - 2.850 28 - 180 
Xylales (M.I) 106 162 - 200 0.87 6.6E+00 - 8.8E+00 6.30E-03 0.07164 128 - 1,580 2.7'7- 3.20 14 - 360 7 - 28 

Semi-vocs 
Bmz4a)mtlmcae 228 0.0094 - 0.014 1.27 1.lE-07 8.00E-06 0.01564 1,400,000 5.61 - 5.91 201 - 1,361 102 - 679 
B c = x b ) f l m ~  252 0.0012 ND 5.OE-07 1.2OE-05 0.01392 550,000 6.57 719.1 - 1,219 360 - 610 
B m z o ( l r ) k m k  252 0.00055 ND 9.6E-11 1.01E-03 0.01392 4,400,000 6.85 1,821 - 4,271 909 - 2,139 
B m z 4 a ) ~ ~  lmc 252 0.0038-0.W 1.35 5.53-09 2.40E-06 0.04653 398,000 - 1,900,000 5.81 - 6.50 114 - 1,059 57 - 529 
C h y 8 -  228 0.0018 - 0.006 1.27 6.33-09 3.15E-07 0.01531 240,000 5.60 - 5.91 744.6 - 2,000 372 - 993 
D i i a , h ) m t h n c c l ~ c  278 0.00249 - 0.005 1.28 IOE-10 (20 "C) 7.33E-09 0.05707 1,700,000 5.97 - 6.50 722.7 - 1,880 361 - 942 
1,2-Dichlombeam1~ 147 92.7 - 156 1.3 1.5E+00 2.40B03 0.07113 180 - 1,700 3.38 -3.55 56 - 360 28 - 180 
1,4-Dichl0~-~ 147 65.3 - 90.6 1.25 4.OE-01 4.45B03 0.07134 158 3.37- 3.62 56 - 360 28 - 180 
2,4-Dimethylpbcwl 122 7,868 O.% 9.8E-02 6.55E-06 0.06938 117 2.4 2 -  14 1 -  7 
Indalo(l,2,3-c,d)pyme 276 0.062 ND 1.03-09 2.%E-20 0.05728 3 1,000,000 5.91 -7.70 1,201 - 1,460 599 - 730 
2-MethyJnaphthakae 142 25 1 .00 4.5E-02 3.36E-01 0.061% 7,400 - 8,500 3.86 - 4.11 ND ND 
N ~ p h t h k n ~  128 30 - 34 1.16 2.3E-01 - 8.7E-01 4.60E-01 0.08205 550 - 3,160 3.2 - 4.7 1 - 258 16.6 - 48 
N-Nilrosodihykmine 198 35.1 ND 1 .OE-01 2.33E-08 0.06710 575 3.13 20 - 68 10 - 34 
Peatachlorcrph~l 266 20 - 25 1.98 1.7E-05 3.4OE-06 0.05528 891 5.01 - 5.86 46 - 1533 23 - 178 
w'= 202 0.013 - 0.171 1.27 6.85E-07 - 2.5E-06 l.lOE-05 0.05039 46,000 - 135,000 4-88 - 5.32 420 - 3.7% 210 - 1,898 

Pesticides - 
alpha-BHC 29 1 2.0 1.87 2.5E-05 (20 'C) 5.3OB06 0.05198 1,901 3.46-3.89 13.8- 270 13.8- 135 
4,4'-DDD 320 0.02 - 0.16 1.48 1.02JM (30 'C) 2.16E-05 0.01742 44,000 - 80,500 5.99 70 - 11,425 730 - 5,694 
4,4'-DDT 354 0.0012 - 0.26 1.56 1.9E-07 5.20E-05 0 . M 7  140,000 - 1,800,000 4.89 - 6.44 16 - 11,425 2 - 5,694 
Dieldrin 381 0.195 1.75 1.8E-07 5.8OE-05 0.(11875 12.000 - 35,000 3.69 - 5.48 1 -  2,190 175- 1,095 

References: Hazdou~ Substances Databaak, 1993; Howard d al., 1991; Howard, 1990 and 1989; Lugg, 1968; Lyman d al., 1990, Montganery and Welkom, 1990, Shca, 1982; and Venchucm, 
1983. 

Atmosphercscubic mctcn per mole. 
Degrees Celsius. 
Scnurc caltirnctcn wr  second. 
Grams per mole. 
Organic Cuba0 partition caffiimt. 
Octanol-water padition cafficicat. 

mg/L Milligrams per Liter. 
d g  Millliten per gram. 
mm I% Millimeten of mercury. 
ND No data. 
T 'h Half-life. 
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Table 7-1. Summary of RI Analytical Findings and NAPL Observations by Area, Bayonne Plant, Bayonne, New Jeraey. 

I 

Area Soil Surface Subsurface NAPL Groundwater 
(0- to 2-feet below grade) (greater than 2-feet below grade) Flume No. Exceedancee 
Exceedances ' Exceedences ' (see Table 5-10) lb l  

Piers and East Side 
Treatment Plant Area, 
and MDC Building Area 

Low Sulfur and Sdvent 
Tank Fields 

General Tank Fiald 

AV-Gas Tank Field 
and Domestio Trade 
Area(lncludes Southern 
Part of lnteroeptor Trench) 

Asphalt Plant and 
Chemicals Plant 
(Includen Utility Area) 

No. 3 Tank Field 

TPH, As, Cu 

TPH 

TPH, SVOC: Benzo(a)pyrene, 
Naphthalene 

TPH, SVOC: Benzo(a)pyrene; TPH, VOC: Xylenea (Total), 
An, Be, Cu, Pb, Zn, SVOC: Benzo(a)pyrene; 

As, Cu, Pb, Zn 

TPH, TPH, SVOC: Benzo(a)pyrene, 
SVOC: Dibenz(a,h)anthracene Benzo(b)fluoranthene, 
Benzo(a)pyrene; Benzo(k)fluoranthene, 
As, Be, Pb Dibenz(a,h)anthracene, 

Indeno(l,2,3-cdlpyrene: 
As, Pb, TI 

TPH, SVOC: Benzo(a)anthracene, TPH, VOC: Chlorobenzene, 
Benzo(a)pyrene, Xylenes (Total); 
Benzo(b)fluoranthene, SVOC: Benzo(e)pyrene, 
Benzo(k)fluoranthene, Dibenz(a,h)anthracene, 
Dibenz(a,h)anthracene, 1,2-Dichlorobenzene, 
Indeno(l.2.3-cdlpyrene; 1,4-Dichlorobenzene, 
As, Cu Naphthalene; As, Pb, TI 

TPH, VOC: Benzene, Chlorobenzene, TPH, VOC: Chlwobenzene, 

Xylenes (total); SVOC: Benzo(a)pyrene, Benzo(a)anthracme; 
Dibenz(a,h)enthracene, SVOC: Benzo(a)pyrene: 
n-Nitroaodiphenylemine, As, Cu, Ni 

As, Be, Pb, ~ r + '  

1, 2, 3 VOC: 2-Butanone, Benzene, 
Bromodichloromethane, Chlorobemzene, 
Chloroform, Xyfener (total); Al, Be, Cd, 
Co, Cr Fe, Mn, Na, Ni, Sb, V, CI, SO4 

TPH, VOC: Benzene, Ethylbenzene, 
Xylenee (total), 1.2-Dichloroethene (total), 
Vinyl chloride; SVOC: 2,4-Dimethylphenol, 
2-Methylnaphthalene, naphthalene; Al, An, 
Be, Cd, Co, Cr, Fe, Mn, Na, Pb, V, CI 

TPH, VOC: Benzene; 
Al, Fe, Mn, Na, CI 

TPH, Mn, Na 

TPH, VOC: Benzene, Chlorobenzene, 
Chloroform; SVOC: 1,4-Dichlorobenzene, 
Naphthalene; As, Fa, Mn, Na, CI, SO4 

TPH, VOC: Benzene, Chlorobenzene; 
PertiPCB: 4,4'-DDT 
As, Cr, Fe, Mn, Na 

See last page for footnotes. 

GERAGHTY f3 MILLER, INC. 



-- 

Table 7-1. Summary of RI Analytical Findings and NAPL Observations by Area, Bayonne Plant, Bayonne, New Jersey. 
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Area Soil Surface 
(0- to 2-feet below grade) 
Exceedsnces ' 

Subsurface NAPL * 
(greater than 2-feet below grade) Plume No. 
Exceedancea ' (see Table 5-1 0) 

Groundwater 
Exceedancea 

Ibl  

No. 2 Tank Field and Main Building Area TPH, A8 
(Induder Northam Part of 
Interceptor Trench) 

"A"-Hill Tank Fidd 

Lube Oil Area and Stockpile 
Area (Induder Ratty 
Kill) 

t ier No. 1 Area 
(Induder Halipad) 

TPH, As 

TPH, VOC: Xylener (Total); 
SVOC: Benzo(a)anthracene, 
Benzo(a)pyrene, 
Dibenzo(a,h)anthrscene; 
As, Cu, Pb, TI, ~ r "  

TPH, As 

TPH, SVOC: Dibenz(a,h)anthracene, TPH, SVOC: Benzo(a)anthracene, 
Benzo(a)pyrene; Pest/PCB, As. Pb Benzo(e)pyrene, 

Bmzo(l)fluorsnthene, 
Benzo(k)fluorsnthene, Chrysene, 
Dibenz(a,h)snthracene, 
Indeno(l,2,3-cd)pyrene, Pyrene; 
As, Pb, TI 

TPH, SVOC: Benzo(a)anthracene, 
Benzo(a)pyrene, 
Benzo(a)fluoranthene, 
Benzo(k)fluorsnthene, 
Dibenz(a,h)anthracsne; A r  

11.12 TPH, VOC: Benzene, Xylener (total), 
Methylene chloride; 
SVOC: 2-Methylnaphthalene, Naphthalene; 
Al, Aa, Fa, Na, V 

13 TPH, Pb, Mn 

TPH, VOC: Benzene, Bromodichlormethane, 
Chloroform; Am, Fe, Mn, Na, CI, SO4 

TPH. VOC: 1.2-Dichloroethene (total), Acetone, 
Benzene, Tetrac-hloroathene, Trichloroethene, 
Vinyl chloride; SVOC: Pentachlorophend; 
Pwt/PCB: alpha-BHC; Al, Fe, Mn, Na, SO' 

Sae last page for footnotes. 
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Table 7-1. Summery of RI Analytical Findings and NAPL Obrervations by Area, Bayonne Plant, Bayonne, New Jersey. 

ft Feet. 
• NAPL plumw ma enumerated on Figure 5-5. 
• • Metal exceedmcea are for diaaolvd metala only. 

NAPL Non-aqueous phaae liquid. 

N A 
Al 
Aa 
Be 
Cd 
Co 
Cr 
Cu 
Fe 
Mn 
Na 
Nl 
Pb 
TI 
v 
CI 

so4 
cr+a 
VOC 
SVOC 
PmtlPCB 

Soil conrt i tmta lilted are detected in concentretionr either above tha NJDEP non-residential direct contact roll cleanup 
criteria or impact to groundwater criten'a. 

Groundwater conatituentr liated are detected in concentretionr either ebove the New Jerrey Dapartment of Environmental Protection (NJDEP) groundwater quelity rtandardr or 
above tho interim generic groundwater quality criteria (IGQWQC) eatebliahd for tha Baywey Rafinw. 

Total petroleum hydrocarbonr - detected In roil by Method 418.10 (NJ modified) above 10,000 mglkg) or in groundwater 
above 1 mgR. 

Area not malyzed during the RI; theae areas hove undergone extensive IRM invertiggtionr. 
Aluminium 
Arrenic 
Bwyliwn 
Cadmium 
Cobalt 
Chromium 

toper 
Iron 
Menganne 
Sodium 
Nickel 
Lead 
Thallium 
Vanadium 
Chloridea 
Sulfate 
Hexavalent Chromium 
Vdatile Organic Compound 
Sanivdatile Organio Compound 
Pmticida a d  Polychlorinated Biphmyl 
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